















































reforming   for   this   application   such   as   steam  methane   reforming   (SMR)   and   autothermal
reforming (ATR), lead to relatively low hydrogen content gas streams.  The fuel feeds are highly
contaminated by CO and CO2 and require extensive purification prior to delivery to a fuel cell
system.    Elimination  of   the  purification  plant  would  be  an  enormous   improvement   in  both
CAPEX and OPEX.   This  can be achieved by an absorption enhanced reformer (AER) that











hydrogen concentration  (>98%) with  less   than ppm quantities  of carbon dioxide and carbon
monoxide  at   lower  capital  cost  and  higher  efficiency,  compared   to  conventional  natural  gas
reformers. It was intended that we achieve our objective by developing simple reactor/process
design,   and  high  durability  CO2 absorbents,   to   replace  pressure   swing  adsorption   (PSA)  or
membrane separators.   
The work on adsorbent development was focused on the development of calcium oxide­based
reversible  CO2  absorbents  with   various  microstructures   and  morphologies   to   determine   the
optimum  microstructure   for   long­term   reversible   CO2  absorption.     The   effect   of   powder
production process variables was systematically studied including: the final target compositions,







Large scale   spray  processing  equipment,  powder  post  processing  equipment,  and mixer  and







using   Aspen®  to   optimize   operating   conditions   and   predict   system   efficiency.   Detailed
engineering design was performed on the 50 kW fuel processor design to estimate efficiency and








































































































































































































































































































































































































































































































































































































The   goal   of   the  materials   development   effort   performed   by  Cabot   Superior  MicroPowders
(CSMP) was to develop high durability CO2 absorbents containing both high temperature water­
gas shift (WGS) and steam reforming catalysts.  The materials approach relied on CSMP’s spray
conversion   powder   production   platform   enabling   the   production   of   materials   with   unique
microstructure and composition, suitable for Absorption Enhanced Reforming (AER).
Two main types of materials  were the focus of the development effort  performed at CSMP:
















and  produce  powders   that  have  been   specifically  designed   for  AER using   logical  materials
design concepts.   A summary of  the design aspects   that  were tested as part  of  the materials
development work are described in Table 1 below.  In each specific task, a design of experiments
around   the   powder   composition   and   spray   processing   conditions   was   performed   and   the
properties   of   the  powders  were   analyzed  by  physical   characterization  methods   and  Thermo
Gravimetrical Analysis (TGA) for their CO2 sorption capacity. 
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pelletization  process   into   extrudates  with   the  necessary   crush   strength   and  durability   under
cycling. Figure 1 represents the materials synthesis approach and workflow. It starts with powder
synthesis at variable conditions, followed by post processing (or additional calcination) of the
spray processed powders,   testing and formation of extrudates,  followed by evaluation of  the
extrudates by various methods at CSMP and in the AER reactor by TES.
Subtask 1.1: Steam Reforming Catalysts
A steam  reforming  catalyst   is   required   to   convert  methane   into  CO and  H2.    Nickel­based














on  Al2O3  or   reducing   the   amount   of  Rh/Al2O3  that   is   combined  with   the  CaO­based  CO2
































The   activity   of   the   powders   in   steam   reforming   of  methane  was  measured   at   a   reaction





































































conducted   and   the   results   are   shown   in  Figure   4,   together  with   test   data   for   the   standard
commercial catalyst. The results demonstrate that reforming catalysts made by low temperature
spray  conversion  can  match  and even exceed at  higher   space  velocities   the  performance of
powder  made   by   high   temperature   spray   conversion.   The   higher   catalytic   performance   of
Rh/Al2O3 materials made by spray conversion compared to the standard commercial catalyst has
been   assigned   to   a   better   dispersion   of   the   precious  metal   over   the   support.   Transmission

















testing.  An  extrudates  were  also   formulated  with   the   reforming  catalyst  and   tested   in  AER
reactor. However, since the major materials developmental effort was focused on the sorbent




CO2  absorbents  with   various  microstructures   and  morphologies   to   determine   the   optimum
microstructure   for   long­term   reversible   CO2  absorption.     The   effect   of   powder   production











saturated  with  CO2,   forming  CaCO3,   it   has   to   be   regenerated  by  heating   it   up   to   a  higher
temperature 750­850°C to convert   it  back to CaO.   The process   is   therefore cyclic,  and the
reactor  must  undergo repetitive  reaction/regeneration steps.    The materials  used  in   the AER
process, both catalysts and sorbents, should therefore be capable of maintaining their activity







absorbent  material.    However,   the  absorption  capacity   for   these  materials   rapidly  decreases







2.   Execution   of   sequential   chemical   reactions   involving   specific   reagents   and   pore
forming   chemicals   performed   by   spray   processing   to   produce   discrete  micron­sized
particles comprising specific compositions and microstructures.
3.   Integration   of   the   sorbent   powder   with   inert   materials   to   achieve   improved





the   samples  were   further   post   processed   by   heat   treatment   following   the   spray   conversion















































C aC O 3  C aO  +  C O 2
C aC 2O 4  C aC O 3 + CO




























C aC O 3  C aO  +  C O 2
C aC 2O 4  C aC O 3 +  CO
M gC 2O 4  M gO  +C O+  C O 2
C aC 2O 4.H 2O C aC 2O 4 +  H 2O
M gC 2O 4 .2H 2O   M gC 2O 4 +  2H 2O




profile  was  shown  in  Figure  8.    Similarly,   there  are   three  major  weight   loss   ranges   in   the
temperature up to 900oC.  Up to 350oC, there is a weight loss due to dehydration (13 wt%), and a









































agreement   with   the   reports   in   the   literature.     All   samples   synthesized   at   different   spray




CO2  absorption  and only  converts  30~40 mol% of   its   total  CaO  into  carbonate   form.  CaO
















































































































































































CO2  sorbent   powders   can   be   synthesized   with   improved   durability   during   multiple










inert  additive  was  also   investigated.  Different  Al2O3  types  with  different  properties   such  as






























































































































































































The   effect   of   inert   additive   content   in  CO2  sorbent  was   also   investigated  with   the  goal   to
minimize its amount to ensure higher overall CO2 capacity and maintain the required stability.
Figure 15 clearly shows that when the inert additive is less than 30 wt%, the CO2 capacity does



















































































































































































































large   variation   in   their   sorption   capacity   and   stability   as  measured   by  Thermo­gravimetric
Analysis   (TGA)  under   the   following   conditions:   carbonation:   600oC;  decarbonation:   750oC.






























































High   crush   strength   and   attrition   resistance   are   required   for   the   catalyst/sorbent   extrudate
materials to be able to withstand long­term operation in AER reactors. A general rule of thumb
for increasing the crush strength of metal oxide extrudates is to increase the concentration of




















































































































Sample Diameter Test Items 1 2 3 4 5 6 7 8 9 10 Average Deviation
L (mm) 1.88 1.67 1.93 2.27 1.96 2.22 2.83 2.33 2.29 2.63
ECM259004­1 0.06" Force (DaN) 3.03 2.12 11.11 3.92 6.29 10.49 3.70 5.28 2.61 2.01
C750 GCS (lb/mm) 3.63 2.86 12.95 3.89 7.22 10.63 2.94 5.10 2.56 1.72 5.35 3.75
L (mm) 1.83 2.53 2.21 1.25 1.74 1.60 2.18 2.23 1.80 2.02
ECM259004­2 0.05" Force (DaN) 3.69 3.70 1.51 3.33 5.61 1.80 2.53 4.07 0.75 4.38
C750 GCS (lb/mm) 4.54 3.29 1.54 5.99 7.25 2.53 2.61 4.11 0.94 4.88 3.77 2.05
L (mm) 1.99 1.93 2.27 2.03 2.37 2.54 1.94 2.19 1.98 1.88
ECM259004­3 0.04" Force (DaN) 4.07 1.15 2.05 2.28 1.20 3.35 3.23 3.20 5.28 7.34
C750 GCS (lb/mm) 4.60 1.34 2.03 2.53 1.14 2.97 3.75 3.29 6.00 8.78 3.64 1.56
L (mm) 2.17 1.44 1.53 1.77 1.40 1.54 1.92
ECM255055 0.05" Force (DaN) 2.84 5.33 5.35 9.37 3.85 5.33 5.33
C750 GCS (lb/mm) 2.94 8.33 7.87 11.91 6.19 7.79 6.25 7.32 2.71
L (mm) 1.53 1.63 1.64 1.64 1.62 1.61 1.30
ECM255055­2 0.04" Force (DaN) 3.09 3.38 6.67 3.59 7.93 5.49 3.59
C750 GCS (lb/mm) 4.54 4.67 9.15 4.93 11.01 7.67 6.21 6.88 2.50
Table 3:  Crush Strength Tests of Extrudates with different Diameters




































































































in Figure 22,   the extrudes showed comparable performance and even higher stability  during
cycling than the starting powder.   The differences were assigned to different post processing
conditions for the powders, extrusion procedure and heat treatment profiles for the extrudates.
These   results   indicate   that   the  pelletization  procedure  can  have  a   significant   impact  on   the
performance and an effort  was made  to   identify  critical  extrusion procedure parameters and
optimize them.















































original   powders   are   produced   from   low­density   precursors   such   as   carbonates,   which   as
































extrudates   subjected   to   various   drying/calcinations   profiles.   These   study   showed   that   the
calcinations temperature has an effect on the extrudates initial crush strength and other physical
properties such as packing density and surface area, but does not affect significantly the TGA













































The  developed extrudate   formulation  procedure  was  demonstrated   to  deliver   extrudates   that
sustain   their  mechanical   integrity  under  thermal  cycling used  in   the TGA CO2  sorption   test
experiments   as   demonstrated   in  Figure  27.    Both   spray  powder   composition   and   extrudate
formulation were established to be an important factor for the stability of the extrudates.  Further
testing in AER reactor conditions (in the presence of steam in addition to the thermal cycling)













The  materials   developed   in  Tasks  1.1­1.3,   e.g.  CO2  sorbent   and   reforming   catalyst,   can  be
combined   in   a  number  of  different  ways   to   achieve   the  most   efficient   absorption­enhanced
reforming.   The integration of the catalysts and CO2  absorbents can be done at length scales
between mm and nm as described in Figure 28.   The work plan was targeting to maintain the
performance of   the  individual  materials  while  ensuring  that   the  materials  can be mixed and
pelletized as described above.   It was considered, that the advantages of the second and third


















































In   the   third   approach,   the   Rh/Al2O3  and   CaO­based   absorbent   were  mixed   into   a   single
composite powder batch where these materials both occur within the same particle.  A composite
powder  material   was   prepared   by   the   spray   conversion  method   with   the   composition   of
CaO/MgO (90:10wt/wt) plus 10 wt% of Rh/Al2O3 (Rh 0.5wt% on Al2O3). TGA cycling testing
demonstrated (Figure 29) that the material has reasonable CO2 capacity and good cycle ability.


















































porosity)   was   changed   as   result   of   the   spray   processing   conditions   (see   Figure   30).   Fast
decarbonation rates are desirable for efficient AER process.
Subtask 1.6: Integration of Water Gas Shift (WGS) Catalysts
The   initial   plan   for   this   task   was   targeting   incorporation   of   sufficient   amounts   of   high­
temperature  water   gas   shift   catalyst   to   ensure   the   conversion   rates   of  CO   to  CO2  will   be
sufficient.  After further analysis of the thermodynamics of the AER process and literature data,
it was concluded that in the AER operating conditions, the high conversion of carbon monoxide
to  hydrogen   (>   thermodynamics   equilibrium)   could  be   achieved   in   the   absence  of   a  WGS












































































































































the new TGA testing  protocol  can more accurately  reflect   the sorbent  behavior   in   the AER
process.  A series of data from CO2­TGA measurements were correlated with the limited number
of cycles by AER reactor testing, as seen in Figures 34, 35, 36.   From the comparison, it   is
evident that for some extrudates the TGA data correlate very well with AER data (Figure 34, 35),



































































C 3022 ­44 ­31  C aO /MgO  80 :20
C 2873 ­29 ­34  C aO /MgO  55 :45
C 2873 ­35 ­31  C aO /A l2O 3  90 :10


































































































































production   effort   at   CSMP,   a   large­scale   calciner   has   been   installed   and
commissioned during the second quarter of 2005 for the thermal treatment of the
sorbent powder.
• Large scale mixer and extruder.  The mixing  and extrusion  equipment  were

















































































































In order  to use  the spray converted material   in   its   final  application,   it  must  undergo a post
processing or calcination step.   As part of the scale­up effort, post­processing was transitioned
from a  batch  method  to   a  Harper   rotary  kiln   (also   referred   to   as   “rotary  calciner”).    Post­
processing  was   now   carried   out   in   a   continuous  method.     This  method   facilitates   higher
throughput, as well as results in a more homogenous calcined powder.  Several extrudates were













(TGA),   particle   size   distribution   (PSD)   and  CO2  capacity   testing.     The   results   from   these




The  AER microscale   reactor   testing   identified   that   the   large­scale   extrudates   (ECM255036)
provided by CSMP have lower CO2  absorption capacity  compared  to  benchmark extrudates.
Further analysis of the extrudate characteristics was done to improve the performance of the
CSMP extrudates in AER reactor testing.









similar  CO2  capacities  (saturation values),   it   is  believed  that   the rate  at  which CO2  sorption
occurs differs for the different materials.  Consequently, an effort was undertaken to examine the
CO2­TGA sorption kinetics to: 




• (3)   Identify   sorbent  production   improvements,  which  will  enhance sorbent
AER performance above that achieved by benchmark materials
CO2­TGA historical data were used to evaluate the kinetics of CO2 sorption kinetics for various












M  t =MT [1−exp −k ' PCO 2 t  ]
Therefore, by plotting ln(MT­Ms) vs.  t for a given cycle (for times greater than 800 s, such that


















































































From  these  analyses,   the conclusion  was made  that  CO2­TGA sorption  kinetics  analysis   for
extrudates   is   a   reasonable  model   test   for  predicting   sorbent   extrudate   performance   in  AER



























































































Extensive   modeling   and   simulation   work   was   performed   to   support   SSR   technology









































































The  equilibrium  in  Reaction   (1)   can  be  driven   to   the   right  by  in­situ  CO2  or  H2  removal.
Numerous membrane reactor concepts have been proposed for  in­situ H2  separation; however,










































































500oC  to  650oC  in   single­step   reformer   (SSR).    Above  650oC,   the  CO2  adsorption  kinetics






































phase   is  higher   than   the  equilibrium pressure.  Under   favorable  conditions,  presence  of  CO2
adsorbents   in  a  SMR reaction  will  drive  the SMR equilibrium to   increase  the CH4  and CO
conversion.   On the other hand, for a given temperature, regeneration of adsorbent is favored
when the CO2 partial pressure in the gas phase is lower than the equilibrium pressure. 































P2 [CO ][H 2 ]
3
[CH 4 ][H 2O ]
k2=
[CO2 ][H 2 ]
[CO ][H 2O ]
where  k1  and  k2  are  equilibrium constants  of  Reaction  1  and Reaction  2,   respectively.    By
plugging the CO2 adsorption factor, obtained from testing or an assumed value, the above two
equations can be solved to find the species flow rate and fractions in the reformate.

























































































































































while CO2  adsorption is exothermic and CO2  desorption is endothermic.   The extent of these























































































































































r C=kC A 1− 1−PCO2Peq 
Peq=4 .137×10









The   above   governing   equations  were   solved   using  Aspen©  Custom  Modeler   (ACM)   as   a










































































Since we used a  distributed dynamic model,  our  model  can predict   the operating parameter
profiles along the reactor and their changes with time. 
Reforming Results



















































































































































































used 36  nodes   in   the  simulation,  and T(1)   represents   the   reactor   inlet,  T(36)   represents   the




















































































































regeneration  step needs   to  be  slightly   shorter   than   the   reforming  time.  Typical   regeneration
























































































































regeneration,  and   the   two­step   regeneration.  The  two­step   regeneration  uses  combustion  gas
regeneration followed by steam regeneration.    The selection of  the regeneration scheme will

















regeneration,   “combustion”   represents   combustion   flue   gas   regeneration,   and   “two­step”







































CO2  adsorption  and  the negative  values   represent  net  CO2  desorption.     It   is  evident   that   in
























































































Figure   70   shows   the   regeneration   flue   temperatures   with   different   recycle   ratios.   The












































































































































The   SSR   bed   will   be   at   high   temperature   (>800oC)   after   full   regeneration.   At   this   high
temperature, CO2 absorption is not favored and hence, not an optimum condition for SSR. So an
intermediate  cooling step is  necessary to  bring the  temperature down to optimum reforming
conditions.










































































































































































































































































































































































(2) The   heat   balance   factors   include   the   reforming   feed   temperature,   the   initial   bed










optimizing   the   thermal   integration  scheme and operating  conditions.      A  typical  SSR cycle
includes a reforming process, a regeneration process and inter­step cooling process.
For the reforming process, the operating parameters that can affect the system efficiency include


























































































assumed to be the same.   Methanator was not included in  this  model.  Thermal efficiency is














Reform feed H2O flow kmol/hr 2.016 2.016 2.016
Reform feed NG flow kmol/hr 0.672 0.672 0.672
Reform NG Fuel flow kmol/hr 0.126 0.126 0.126
Reform Air flow kmol/hr 5.7 5.7 5.7
Reform Air Compressor P bar 1.2 1.2 1.2
Regen NG flow kmol/hr 0.848 0.300 0.210
Regen Air flow kmol/hr 25 25.2 28
Regen Air Compressor P bar 1.4 1.4 1.4
Regen H2O flow kmol/hr 28 2.016 0
H2 flow in reformate kmol/hr 2.444 2.444 2.444
CH4 flow in reformate kmol/hr 0.058 0.058 0.058
CO flow in reformate kmol/hr 0.013 0.013 0.013
Reform Air Compressor kW 2.593 2.593 2.593
Regen Air Compressor W kW 8.443 8.510 9.456




































Two system integration  scenarios  were  studied;  high  pressure  reforming with  PSA and  low
























































































9 H2, LHV 147.54 81.3%
NG+Air Sensible Heat 0.06 Total, Sensible Heat 7.37 4.1%
Power Input 3.04 Bed Loss 2.62 1.4%
    Condenser 4.22 2.3%
    PSA Compressor 0.00 0.0%
    Others, LHV 0.19 0.1%
    Water Latent Heat 19.45 10.7%
Total, In
181.3

























Table 10 shows  the energy balance for   the  low pressure reforming with PSA system.  Most
energy   inputs   and  outputs   are   similar   to   those   in   the  high  pressure   system  except   for   the
reformate compressor. Also in this low pressure scenario, the stream after the PSA compressor
has to be cooled before the PSA.  Table 10 shows that the energy loss associated with the PSA









6 H2, LHV 151.42 77.9%
NG+Air Sensible Heat 0.06 Total, Sensible Heat 2.86 1.5%
Power Input 7.64 Bed Loss 2.62 1.3%
    Condenser 7.98 4.1%
    PSA Compressor 7.87 4.0%
    Others, LHV 0.50 0.3%
    Water Latent Heat 21.22 10.9%
Total, In
194.4



















that   detailed   in  Table   1   for   combustion   regeneration   case.  This   scenario   assumed   that   the
reformate and burner exhaust can be cooled to 68oC and 78oC respectively. The second case











NG, LHV 233.00 H2, LHV 158.37 65.0%
NG+Air Sensible Heat 0.05 Others, LHV 18.41 7.6%
 Power Input 10.71 Bed Heat Loss 8.18 3.4%
    Reform Burner Exhaust 9.22 3.4%
    Reformate 19.94 8.2%
    Regen Burner Exhaust 29.40 12.1%



























input   and   is   due   to   relatively   large   unrecoverable   latent   heat   of  water   condensation.     The
regeneration exhaust is the highest single heat loss stream (11.7% of total energy input) in the
system.  This   is  due   to   the   large combustion   flow required  to  provide  the  regeneration  heat
(including   the  CO2  desorption   heat   and   the   bed   sensible   heat)  within   a   small   temperature
difference across the reactor.   The maximum regeneration temperature of 850oC is dictated by
















Node 1 2 3 4 5 6
Stream RGAir RGNGFuel RGAir2 BurnerOut RegenOut RegenExhaust
Flow rates (kmol/hr)            
H2 0 0 0 0 0 0
H2O 0 0 0 0.8232 0.84 0.84
CO2 0 0 0 0.4116 1.5988 1.5988
CO 0 0 0 0 0 0
CH4 0 0.42 0 0.0084 0 0
O2 11.76 0 11.76 10.9368 10.92 10.92
N2 44.24 0 44.24 44.24 44.24 44.24
Total (kmol/hr) 56 0.42 56 56.42 57.60 57.60
Total (kg/hr) 1615.62 3.369 1615.62 1622.36 1674.24 1674.24
Temperature, C 25 25 689.7 855.6 715.6 123.4
Pressure, bar 1 1 1.4 1 1 1
Table 12:  Node array for 100 kW reactor system during regeneration
Node 8 9 10 11 12 13 14
Stream Reformate Air Air2 Air3 NGFuel BurnerOut BurnerExhaust
Flow rates (kmol/hr)              
H2 4.7152 0 0 0 0 0 0
H2O 1.6744 0 0 0 0 0.494 0.494
CO2 0 0 0 0 0 0.247 0.247
CO 0 0 0 0 0 0 1
CH4 0.1652 0 0 0 0.252 0.005 0.005
O2 0 2.394 2.394 2.394 0 1.9 1.9
N2 0 9.006 9.006 9.006 0 9.006 9.006
Total (kmol/hr) 6.555 11.400 11.400 11.400 0.252 11.652 12.652
Total (kg/hr) 42.319 328.895 328.895 328.895 4.043 332.937 332.937
Temperature, C 68 25 229.4 436.9 25 930.3 78.7






















an   overall   operating   philosophy   for   the   system   including   start­up,   planned   shutdown   and
emergency shutdown.  The control  parameters  and required flexibility   in  operation were also
defined. This led to identification of required balance of plant components. 






























































The advantage of  two reactor  integrated system is   their water and natural gas preheater  that
allows   better   heat   recovery   from   the   regeneration   exhaust   stream.   It   can   also   produce  H2



















The  micro­reactors  were  developed   to   test   catalysts   that   requiring  many  AER cycles  under




























































































































































mixture,   above  which   flame   propagation   can   be   sustained.   LFL   decreases  with   increasing
temperature. The safety set included a shutdown based on the LFL. 
Certain   fuel   to   air   ratio  was   necessary   to   achieve   the  desired   adiabatic   temperature   in   the
combustion process. This ratio is dependent on inlet temperature of the fuel­air mixture and the
amount of dilution N2 and steam.   The following equation was used to determine the air flow










































The  two micro­reactors  were  installed   into  two  independent   test   stands  separated  the by NI
Control hardware in a NEMA enclosure.  The control software allowed for 24/7 operation.  The
reactor  was a  ¾   inch stainless   steal   reactor  with a  0.049” wall   thickness.    The  reactor  was
vertically mounted with downward flow.  The catalyst sorbent mixture was supported by quartz
wool.  The mixed sorbent/catalyst was loaded in the reactor and packed to a 7.3” bed length with


















































































































Labview®  was  used   to  write   the  control  code   for   the   test   stand.  A separate  burner  control
module  was   installed   to   light­off   and  monitor   the  MFB.  The   igniter   and   the   flame rod  are




































recommendations  were  accepted  and   implemented   according   to   an  action  plan.    A detailed








conditions,   temperature,   steam  to  carbon  ratios,   and  other  operating  parameters  under  AER
conditions.    Materials  meeting   the   required  CO2   sorption   capacity   and   stability  would   be
recommended for scale up for the 50 kW fuel processor.   Thermogravimetric Analysis (TGA)
was the selection criteria to optimize the composition for scale up.  Based on TGA data, a series
of  materials  was   tested  in   the micro­reactors   to  correlate  materials  TGA performance under
reforming   conditions.     The   catalyst   inventory   included   powders,   precious  metal   extrudate
compositions,   sorbents,   steam methane   reforming   (SMR)   catalysts,   and   integrated  materials















































































Selected powders received additional  sample preparation prior  to  extrusion at  RTC’s facility
known   as   pre­procession   extrusion   (PPE).     All   extrudates   were   then   calcined   at   various
temperatures after extrusion (CE).  
Small Batch Materials Extruded at RTC 
Figure 98 shows  the g CO2 Sorbed/g Sorbent   for   the “Small  Batch Materials”  plotted as  a




Batch  Materials   Table   containing   the   Sample   ID,   composition,   and   conditioning   for   each
extrudate is located in Appendix C.  Also included in Appendix C are the data tables and graphs


























































The   Integrated   Function   Materials   had   significantly   lower   CO2   sorption   capacity   when
compared to an extrudate with a similar composition without the SMR catalyst included in the
formulation.    Adjusting  the sorption  capacity   for 5  Wt% rhodium in  the  integrated function
materials doesn’t account for the poor performance.   The lower activity may be due to sintering,
the encapsulation of the active metal phase, or the masking of the crystallites due to carbonation.









































































Series  Table containing   the Sample  ID,  composition,  and conditioning  for  each extrudate  is





























































Post   run   inspection  of   the  CMSP material   after   the  micro­reactor   tests   revealed  noticeably




such as   iron  from corrosion  of   the   reactor  or   silica   from disintegration  of   the quartz  wool.
Inconel 800H replaced the 316 SS reactor.    A study later by CSMP on “the Iron Poisoning
Impact   on  Sorbent   Performance”   demonstrated   little   impact   of   iron   poisoning   on   the  CO2























































Figure  103 compares   the  CSMP small   scale  preparations  with  die  extrusion   to   larger   scale
production with screw extrusion. The performance of the screw extrusion products is comparable










































In June of  2005, CSMP changed  the post  processing oven and atmosphere.    The change  in
atmosphere from air  to  N2 was  to  maintain a  safe environment and avoid high  temperature
excursions during post­processing.  Materials ECM259011C and ECM259002C were submitted
for evaluation.  Both materials were CaO/Al2O3  (90:10) post­processed in  the rotary calciner
under  nitrogen,  but  under  different   temperature,   residence   time  and  feed   rates.    Figure  104


















































Hazard   and   operability   (HAZOP)   analysis   is   a   popular   risk   review   technique   to   facilitate
systematic searches for process hazards and potential operational difficulties.  What­if scenarios



















































surface   reaction­controlled   step   followed  by  a   slower   second   stage  product   layer  diffusion­









































































or  4/1  are  used  to  prevent  soot   formation  and provide  excess   steam for   the  WGS reaction.
Excess steam adds to the operating and capital costs.  Operating at a lower steam to carbon ratio
of 2.2 can produce as much as 92% H2 in reformate while improving operating and capital costs.
Tests  were   performed   to   determine   the   effect   of   lower   S/C   ratio.   Experimentally,   a  CH4
conversion baseline was established at 600ºC with the same CH4 flow rate as previous tests with
S/C   ­  3/1.    Next   the   temperature  was   increased   in  20ºC   increments   to   determine   the  CH4
conversion response. Each condition was maintained for three cycles.  The system pressure was
closely monitored.   An increase in pressure drop across the catalyst bed would indicate carbon
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reformer   that   combined   SMR,  WGS   and   purification   into   one   reactor.   Simulation   studies



















(Engelhard)  and  sorbent   in  a  predetermined ratio.    The aspect   ratio  of   the packed bed was
maintained  greater   than  4.  Thermocouples   to  measure   the  vertical   temperature   profile  were
installed in the flange. The reactor was then flanged, leak tested and installed in the test bay. 
As a first step, the sorbent was calcined by heating the bed to regeneration temperature using




































































































reactor.    The reversed process   flow is  shown  in Schematic  4  below.    The pre­heaters were
aligned and installed directly below the inlet to the reactor to improve heat integration.   Other




































control   system  to  maintain  a   stable   flame  front  and   the  ability   to   transition  smoothly   from






























































replaced   the   straight   reforming   gas   delivery   line   to   eliminate  water   slugging   and   raise   the
temperature of the steam.   
Reformate Composition





















































The regeneration cycle was followed by a 46 second steam purge.    Reforming  immediately
followed the steam purge with a S/C ratio of 3.5, reactor inlet temperature of 626°C and GHSV
of 896 hr­1.  The gas compositional analysis plotted over a 24 hour test period is in Figure 117
below.   Low hydrogen purity was the result of low CO2 sorption in a hot reactor bed.     The






















































































ECM259012 sorbent  material  and  Engelhard  Escat  326 were   loaded  in   the  AutoSSR 1  kW









































































































































Efficiencies   and   Water   Gas   Shift   efficiencies,   but   lowered   CH4   conversion.   The   H2


















(Engelhard)   and   sorbent   in   a   predetermined   ratio.  The   aspect   ratio   of   the  packed  bed  was






















However we realized  that   this   testing protocol  might   introduce artifact   in   the capacity  data,
especially in the earlier cycles. So for the last test run, the reforming step was carried out for 1
hour. Longer reforming step also results in longer regeneration step.




















































The  performance  of   the   reactor   improved   significantly   after   170   cycles   but   showed   steady
decline. The absence of data between cycles 270 and 283 was due to unplanned shutdown of the
mass spectrometer. 
After 580 cycles,   the material  was subject   to steam soak process  in which  the material  was
exposed to steam at about 300­400 C for about 12 h. This process improved the performance of
the material significantly from 5% to 10% capacity. But, the steam soak could not retain this
improved performance.  Further   studies  with steam soak were done with our   third candidate
material.
ECM25­9013C







The  lower capacity   in   the first  12 cycles  is  an artifact  of  shorter   reforming  time.  The CO2
capacity is higher with 1 hour reforming step, the design point for the reactor. As evident from




















































09/30/04 09/30/04 09/30/04 100% Completed










5 Integrated Catalyst Delivery 8/15/05 8/15/05 20%
  Halted
6 Reactor concept modeling 07/06/04 07/06/04 2/1/05 100% Completed
7 Reactor Installation 11/12/04 11/12/04 1/15/05 100% Completed
8 Reactor Testing 08/03/05 08/03/05 75%
Halted
9 Reformer Installation 09/15/05 09/15/05 5%
Halted
























  10/1/2003  12/31/2004  $1,929,000  $1,959,820  $1,182,000  $1,201,000  $3,161,000 
1Q05 1/1/2005  3/31/2005  $530,000  $401,060  $324,000  $245,991  $3,807,870 
2Q05 4/1/2005  6/30/2005  $467,000  $520,596  $286,000  $319,074  $4,719,000 
3Q05 7/31/2005  9/30/2005  $467,000  $455,853   $287,000  $279,393  $5,473,000 
4Q05 10/1/2005  12/31/2005  $664,000    $407,000    $6,554,000 
1Q06 1/1/2006  3/31/2006  $519,000    $318,000    $7,381,000 
2Q06 4/1/2006  6/30/2006  $520,000    $318,000    $8,219,000 
3Q06 7/31/2006  9/30/2006  $456,000    $280,000    $8,955,000 















































































































































ECM 25­5003 CaO (100) ITO Air 750 0.76 3.2 3.9 3 CSMP Comp + 15%Al203
ECM 25­5008 CaO/MgO (80/20) ITO Air 750 0.87 23.5 4.9 3 CSMP Comp + 15%Al203
ECM 25­5019 CaO/Al2O3 (95/5) ITO Air 750 0.83 3.6 6.1 3 CSMP Comp + 15%Al203
ECM 25­5021 CaO/Al2O3 (90/10) ITO Air 750 0.75 20.0 2.9 3 CSMP Comp + 10%Al203
ECM 25­5022 CaO/Al2O3 (90/10) ITO Air 750 0.83 20.0 2.7 3 CSMP Comp + 15%Al203
*ECM 25­5029 CaO­Al203 (95/5) ITO Air 750 0.83 18.1 3.4 3 CSMP Comp + 15%Al203
*ECM25­5036  CaO­Al203 (90/10) ITO Air 750 0.93 25.0 6.7 3 CSMP Comp + 15%Al203
ECM25­5061C300 CaO/Al2O3 (90/10) ITO Air 300 1.00 30.5 6.4 3 CSMP Comp + 15%Al203
ECM25­5061C500 CaO/Al2O3 (90/10) ITO Air 500 1.00 28.9 7.4 3 CSMP Comp + 15%Al203
ECM25­5061C750 CaO/Al2O3 (90/10) ITO Air 750 0.90 15.5 5.6 3 CSMP Comp + 15%Al203
ECM25­5061C800 CaO/Al2O3 (90/10) ITO Air 800 0.70 4.8 6.1 3 CSMP Comp + 15%Al203
ECM259­002­2C CaO/Al2O3 (90/10) Rotary 
Calciner
N2 750 0.89 23.0 6.5 66 min CSMP Comp + 15%Al203
ECM259­011C CaO/Al2O3 (90/10) Rotary 
Calciner
N2 750 0.80 16.0 5.3 33 min CSMP Comp + 15%Al203
*ECM259­012C CaO/Al2O3 (90/10) ITO Air 750 0.82 21.0 6.4 3 CSMP Comp + 15%Al203
*ECM259­013C CaO/Al2O3 (90/10) ITO Air 750 0.76 9.0 5.2 3 CSMP Comp + 15%Al203
*ECM259­018C800 CaO/Al2O3 (90/10) Rotary 
Calciner





















the reformate stream can be used  to  calculate   the conversion efficiencies   to  rank the


























CO2  Sorption Catalyst C2873­29­32 C2873­29­34 C2873­30­25 C2873­31­33 C2873­32­30
Reforming Catalyst: 0.5% rhodium 
on Alumina 




Composition CO2  sorb CaO/MgO (50:50) CaO/MgO (50:50) CaO/MgO (50:50) CaO, 5%CaTiO3 CaOMgO­CaTiO3 (3:1 at.)
Binder CSMP Comp.+15% Al2O3 CSMP Comp.+15% Al2O3 CSMP Comp.+15% Al2O3 CSMP Comp.+15% Al2O3 CSMP Comp.+15% Al2O3
Batch No. HCM178138E HCM178138E PCM178033A HCY178138B HCZ178132C
Extruded by RTC RTC RTC RTC RTC
Oven Atmosphere Air Air Air Air Air
Calcined, C  500C   750C   500C   750C  750C 
Wt. CO2   extrudate, g 19.53 19.53 20.40 23.08 20.07
Vol. CO2   extrudate, cc 32.6 32.4 30.0 31.0 35.5
density CO2, g/cc 0.6 0.6 0.7 0.7 0.6
Wt. SMR Cat., g 3.9 3.9 4.3 4.6 4.0
Vol. SMR Cat., cc 6.5 6.5 6.6 7.0 7.0
density SMR, g/cc 0.6 0.7 0.6
Total Bed wt., g 23.44 23.44 24.72 27.69 24.07
Total Bed Vol., ml 39.1 38.9 36.6 38.0 42.5
Reactor R1 R1 R1 R1 R1
S/C 3 3 3 3 3
GHSV, hr­1 390 390 390 390 390
Reforming, °C 600 600 600 600 600
Calcination, °C 750 750 750 750 800


















CSMP C2873­19­31 CSMP C2873­19­31 CSMP C2873­19­31 Engelhard Escat 326 (0.5%Rh 
on Alumina)
Composition CO2  sorb CaO­CaTiO3 (3:1 at.) Ca Oxalate, 5wt% Al2O3 Ca Oxalate, 5wt% Al2O3 CaO/MgO (80:20) CaO/MgO (80:20) CaO/MgO (55:45)
Binder CSMP Comp.+15% Al2O3 CSMP Comp.+15% Al2O3 CSMP Comp.+15% Al2O3 CSMP Comp.+15% Al2O3 CSMP Comp.+15% Al2O3 CSMP Comp.+15% Al2O3
Batch No. HCY178138C PCL178019A PCL178019C HCM178157D HCM178157D HCM178165E
Extruded by RTC RTC RTC RTC RTC RTC
Oven Atmosphere Air Air Air Air Air Air
Calcined, C 750C  750C   750C  750C 750C 500C
Wt. CO2   extrudate, g 20.09 19.59 19.52 19.56 19.55 25.01
Vol. CO2   extrudate, cc 34.0 31.6 22.4 34.1 35.0 33.7
density CO2, g/cc 0.6 0.6 0.9 0.6 0.6 0.7
Wt. SMR Cat., g 4.0 4.0 4.0 3.9 3.9 5.0
Vol. SMR Cat., cc 6.5 6.4 4.6 6.8 7.0 9.0
density SMR, g/cc 0.6 0.6 0.9 0.6 0.6 0.6
Total Bed wt., g 24.09 23.56 23.50 23.49 23.48 30.01
Total Bed Vol., ml 40.5 38.0 26.9 40.9 42.0 42.7
Reactor R1 R1 R1 R1 R1 R2
S/C 3 3 3 3 3 3
GHSV, hr­1 390 390 390 390 390 390
Reforming, °C 600 600 600 600 600 600
Calcination, °C 800 750 750 750 750 750















CO2 Sorption Catalyst C2873­29­32/Crushed Wt. CO2  extrudate, g 19.53 Reactor R1
Reforming Catalyst: 0.5% rhodium on Alumina) CSMP C2873­19­31 Vol. CO2  extrudate, cc 32.6 S/C 3
Composition CO2  sorb CaO/MgO (50:50) Density CO2, g/cc 0.6 GHSV, hr­1 390
Binder 15% Al2O3 Wt. SMR Cat., g 3.91 Reforming, °C 600
Batch No. HCM178138E Vol. SMR Cat., cc 6.5 Calcination, °C 750
Extruded by RTC Density SMR, g/cc 0.6 Pressure, atm 1
Oven Atmosphere Air Total Bed Wt., g 23.44
Calcined, C  500C  Total Bed Vol., ml 39.1
Cycle H2 CH4 CO N2 CO2 M WGS CC CF Cycle Time S gCO2 / gSorb
1 96.6 1.2 1.0 0.5 0.7 4624.97 95.7% 95.5% 97.0% 26.49 0.0056 0.15
2 95.4 2.1 1.3 0.5 0.7 4745.64 94.8% 92.0% 96.8% 26.57 0.0054 0.14
3 95.7 1.8 1.2 0.5 0.8 4855.15 95.0% 93.1% 96.7% 24.34 0.0055 0.13
4 96.0 1.6 1.2 0.5 0.8 4960.67 95.2% 94.0% 96.6% 23.29 0.0055 0.13
5 96.1 1.5 1.2 0.5 0.8 5068.90 95.2% 94.2% 96.6% 22.38 0.0055 0.12
6 96.0 1.5 1.2 0.5 0.8 5178.76 95.2% 94.1% 96.6% 21.80 0.0055 0.12
7 96.2 1.4 1.1 0.5 0.8 5288.53 95.3% 94.4% 96.6% 21.16 0.0055 0.12
8 96.2 1.4 1.1 0.5 0.8 5398.43 95.3% 94.4% 96.6% 20.90 0.0055 0.12
9 96.1 1.4 1.1 0.5 0.8 5508.69 95.3% 94.4% 96.6% 20.30 0.0055 0.11
10 96.1 1.5 1.1 0.5 0.8 5618.69 95.3% 94.3% 96.6% 20.01 0.0055 0.11
11 96.0 1.5 1.2 0.5 0.8 5728.68 95.2% 94.3% 96.6% 19.76 0.0055 0.11



































































































CO2  Sorption Catalyst C2873­29­34/Crushed Wt. CO2  extrudate, g 19.53 Reactor R1
Reforming Catalyst: 0.5% rhodium on Alumina) CSMP C2873­19­31 Vol. CO2  extrudate, cc 32.4 S/C 3
Composition CO2  sorb CaO/MgO (50:50) Density CO2, g/cc 0.6 GHSV, hr­1 390
Binder 15% Al2O3 Wt. SMR Cat., g 3.91 Reforming, °C 600
Batch No. HCM178138E Vol. SMR Cat., cc 6.5 Calcination, °C 750
Extruded by RTC Density SMR, g/cc Pressure, atm 1
Oven Atmosphere Air Total Bed Wt., g 23.44
Calcined, C  750C  Total Bed Vol., ml 38.9
 
Cycle H2 CH4 CO N2 CO2 M WGS CC CF Cycle Time S gCO2/gSorb
1 94.6 2.2 1.7 0.5 0.9 1063.46 93.0% 91.6% 95.8% 39.32 0.0052 0.20
2 94.9 2.1 1.7 0.5 0.9 1198.09 93.1% 92.2% 96.0% 37.34 0.0053 0.20
3 94.9 2.0 1.7 0.5 0.9 1333.36 93.0% 92.4% 96.0% 36.90 0.0052 0.19
4 95.0 1.9 1.7 0.5 0.9 2028.53 92.9% 92.8% 95.8% 39.68 0.0053 0.21
5 95.2 1.7 1.7 0.5 0.9 2152.47 93.1% 93.4% 95.9% 36.81 0.0053 0.20
6 94.4 2.4 1.8 0.5 0.9 2278.43 92.5% 91.0% 96.0% 36.57 0.0052 0.19
7 94.7 2.2 1.8 0.5 0.9 2403.32 92.7% 91.8% 96.0% 34.59 0.0052 0.18
8 95.1 1.8 1.7 0.5 0.9 2527.22 92.9% 93.1% 95.9% 33.43 0.0053 0.18
9 95.2 1.7 1.7 0.5 0.9 2652.07 93.1% 93.4% 96.0% 32.01 0.0053 0.17
10 94.9 2.0 1.7 0.5 0.9 2777.58 92.9% 92.4% 95.9% 32.15 0.0052 0.17
11 95.5 1.4 1.7 0.4 1.0 2902.64 93.1% 94.5% 95.5% 31.56 0.0054 0.17
12 95.6 1.4 1.6 0.4 0.9 3027.36 93.5% 94.4% 95.9% 30.46 0.0054 0.16



































































































CO2  Sorption Catalyst  C2873­30­25/Crushed Wt. CO2  extrudate, g 20.40 Reactor R1
Reforming Catalyst: 0.5% rhodium on Alumina) CSMP C2873­19­31 Vol. CO2  extrudate, cc 30.0 S/C 3
Composition CO2  sorb CaO/MgO (50:50) Density CO2, g/cc 0.7 GHSV, hr­1 390
Binder 15% Al2O3 Wt. SMR Cat., g 4.32 Reforming, °C 600
Batch No. PCM178033A Vol. SMR Cat., cc 6.6 Calcination, °C 750
Extruded by RTC Density SMR, g/cc Pressure, atm 1
Oven Atmosphere Air Total Bed Wt., g 24.72
Calcined, C  500C  Total Bed Vol., ml 36.6
Cycle H2 CH4 CO N2 CO2 M WGS CC CF Cycle Time S gCO2/gSorb
1 92.4 4.0 1.3 1.7 0.6 228.91 94.3% 85.5% 97.1% 35.60 0.0044 0.16
2 91.9 4.4 1.5 1.4 0.8 398.93 93.5% 84.2% 96.1% 34.03 0.0043 0.15
3 91.8 4.3 1.5 1.6 0.8 557.65 93.6% 84.4% 96.4% 31.50 0.0043 0.14
4 90.8 5.1 1.7 1.5 0.9 717.79 92.5% 82.0% 95.6% 31.57 0.0041 0.13
5 90.2 5.4 1.7 1.8 0.8 877.22 92.4% 81.0% 96.1% 30.18 0.0041 0.12
6 88.4 7.0 1.8 2.0 0.7 1037.28 91.9% 76.3% 96.6% 30.37 0.0038 0.12
7 88.3 7.0 1.9 2.1 0.7 1196.79 91.6% 76.5% 96.5% 29.00 0.0038 0.11
8 88.3 7.1 1.9 2.0 0.7 1356.13 91.7% 76.2% 96.6% 27.81 0.0038 0.11
9 87.4 8.2 1.7 2.1 0.6 1501.88 92.5% 73.1% 97.2% 25.94 0.0037 0.10











































































































CO2 Sorption Catalyst C2873­31­33/Crushed Wt. CO2  extrudate, g 23.08 Reactor R1
Reforming Catalyst: 0.5% rhodium on Alumina) Escat 326 Vol. CO2  extrudate, cc 31.0 S/C 3
Composition CO2  sorb CaO, 5%CaTiO3 Density CO2, g/cc 0.7 GHSV, hr­1 390
Binder 15% Al2O3 Wt. SMR Cat., g 4.61 Reforming, °C 600
Batch No. HCY178138B Vol. SMR Cat., cc 7.0 Calcination, °C 750
Extruded by RTC Density SMR, g/cc 0.7 Pressure, atm 1
Oven Atmosphere Air Total Bed Wt., g 27.69
Calcined, C  750C  Total Bed Vol., ml 38.0
Cycle H2 CH4 CO N2 CO2 M WGS CC CF Cycle Time S gCO2/gSorb
1 94.8 3.1 0.9 0.7 0.5 385.77 96.4% 88.5% 97.9% 59.88 0.0045 0.27
2 93.1 4.3 1.1 0.9 0.6 556.19 95.3% 84.7% 97.5% 60.13 0.0042 0.26
3 92.7 4.5 1.2 1.0 0.6 722.45 94.9% 84.0% 97.3% 53.88 0.0042 0.23
4 92.7 4.4 1.3 1.0 0.6 890.05 94.6% 84.3% 97.2% 46.41 0.0042 0.19
5 92.8 4.3 1.4 0.9 0.6 1058.82 94.1% 84.7% 97.2% 45.26 0.0042 0.19
6 93.0 4.0 1.4 0.9 0.6 1226.54 94.2% 85.5% 97.2% 40.20 0.0042 0.17
7 92.8 4.1 1.5 1.0 0.6 1396.25 93.7% 85.3% 97.2% 41.11 0.0042 0.17
8 93.1 3.8 1.5 1.0 0.6 1565.20 93.7% 86.3% 97.1% 39.00 0.0042 0.17
9 93.2 3.7 1.5 0.9 0.7 1734.61 93.5% 86.6% 97.1% 37.94 0.0042 0.16
10 92.9 4.0 1.5 1.0 0.6 1903.52 93.7% 85.7% 97.2% 34.91 0.0042 0.15
11 92.8 4.0 1.5 1.0 0.6 2073.09 93.5% 85.5% 97.2% 34.80 0.0042 0.15
12 92.8 3.9 1.5 1.0 0.6 2242.49 93.5% 85.7% 97.2% 32.77 0.0042 0.14
13 93.0 3.8 1.6 1.0 0.6 2412.04 93.4% 86.1% 97.2% 32.83 0.0042 0.14
14 93.0 3.8 1.6 1.0 0.6 2581.95 93.4% 86.2% 97.2% 31.66 0.0042 0.13



































































































CO2 Sorption Catalyst C2873­32­30 Wt. CO2  extrudate, g 20.07 Reactor R1
Reforming Catalyst: 0.5% rhodium on Alumina) Escat 326 Vol. CO2  extrudate, cc 35.5 S/C 3
Composition CO2  sorb CaOMgO­CaTiO3 Density CO2, g/cc 0.6 GHSV, hr­1 390
Binder 15% Al2O3 Wt. SMR Cat., g 4.00 Reforming, °C 600
Batch No. HCZ178132C Vol. SMR Cat., cc 7.0 Calcination, °C 800
Extruded by RTC Density SMR, g/cc 0.6 Pressure, atm 1
Oven Atmosphere Air Total Bed Wt., g 24.07
Calcined, C 750C  Total Bed Vol., ml 42.5
Cycle H2 CH4 CO N2 CO2 M WGS CC CF Cycle Time S gCO2/gSorb
1 92.2 4.7 0.9 1.5 0.6 952.86 96.1% 83.2% 97.2% 29.64 0.0048 0.14
2 91.3 5.7 0.8 1.5 0.6 1144.22 85.0% 71.4% 85.9% 11.39 0.0042 0.05
3 91.2 5.7 0.8 1.7 0.6 1314.54 96.5% 80.4% 97.4% 12.12 0.0047 0.06
4 91.4 5.8 0.8 1.4 0.6 1488.74 96.4% 80.0% 97.5% 20.78 0.0047 0.10
5 91.7 5.4 0.9 1.4 0.6 1662.30 96.2% 81.1% 97.4% 27.86 0.0047 0.13
6 92.1 5.2 0.9 1.2 0.6 1834.04 96.0% 81.7% 97.4% 31.12 0.0047 0.15
7 92.5 4.8 1.0 1.1 0.6 2005.16 95.7% 83.1% 97.3% 32.40 0.0048 0.16
8 92.8 4.3 1.1 1.1 0.6 2174.83 95.4% 84.5% 97.2% 34.00 0.0049 0.17
9 93.0 4.2 1.1 1.1 0.7 2344.44 95.4% 85.1% 97.2% 32.50 0.0049 0.16
10 93.0 4.3 1.1 1.0 0.6 9384.14 95.2% 84.5% 97.6% 34.29 0.0049 0.17
11 93.1 4.2 1.2 1.0 0.6 9553.77 95.1% 85.1% 97.4% 32.84 0.0049 0.16
12 93.0 4.2 1.1 1.0 0.6 9693.44 95.3% 84.8% 97.3% 32.08 0.0049 0.16
13 93.2 4.0 1.2 1.0 0.6 9833.27 95.0% 85.6% 97.2% 30.95 0.0049 0.15
14 93.2 4.0 1.2 1.0 0.7 9972.98 94.9% 85.6% 97.1% 30.98 0.0049 0.15
15 93.4 3.8 1.1 1.0 0.7 10111.80 94.7% 85.8% 96.6% 29.28 0.0049 0.14
16 93.3 3.8 1.2 1.0 0.7 10252.16 94.8% 86.2% 97.1% 29.16 0.0049 0.14
17 93.4 3.7 1.2 1.0 0.7 10391.52 94.8% 86.4% 97.1% 28.57 0.0049 0.14
18 93.2 3.8 1.3 1.0 0.7 10531.76 94.6% 86.1% 97.0% 27.78 0.0049 0.14
19 93.7 3.4 1.3 0.9 0.7 10671.26 94.6% 87.7% 96.9% 25.99 0.0050 0.13
20 93.4 3.7 1.3 0.9 0.7 10811.77 94.5% 86.4% 96.9% 24.34 0.0049 0.12








































































































CO2 Sorption Catalyst C2873­33­33 Wt. CO2  extrudate, g 20.09 Reactor R1
Reforming Catalyst: 0.5% rhodium on Alumina) Escat 326 Vol. CO2  extrudate, cc 34.0 S/C 3
Composition CO2  sorb CaO­CaTiO3 (3:1 at.) Density CO2, g/cc 0.6 GHSV, hr­1 390
Binder 15% Al2O3 Wt. SMR Cat., g 4.00 Reforming, °C 600
Batch No. HCY178138C Vol. SMR Cat., cc 6.5 Calcination, °C 800
Extruded by RTC Density SMR, g/cc 0.6 Pressure, atm 1
Oven Atmosphere Air Total Bed Wt., g 24.09
Calcined, C 750C  Total Bed Vol., ml 40.5
Cycle H2 CH4 CO N2 CO2 M WGS CC CF Cycle Time S gCO2/gSorb
1 92.7 3.5 1.9 1.2 0.7 2951.31 91.9% 87.3% 97.0% 22.50 0.0046 0.10
2 92.5 4.2 1.5 1.2 0.6 3129.31 93.5% 85.0% 97.3% 21.15 0.0045 0.10
3 92.6 4.0 1.6 1.1 0.6 3310.12 93.4% 85.4% 97.2% 22.00 0.0046 0.10
4 92.8 3.8 1.6 1.1 0.7 3490.27 93.0% 86.2% 97.1% 23.36 0.0046 0.11
5 93.1 3.5 1.6 1.1 0.6 3670.57 93.0% 87.1% 97.1% 23.39 0.0046 0.11
6 93.3 3.3 1.7 1.0 0.7 3850.47 92.8% 87.8% 97.0% 24.21 0.0046 0.11
7 92.9 3.7 1.7 1.1 0.7 4030.03 92.8% 86.6% 97.0% 22.09 0.0046 0.10
8 93.9 2.9 1.5 1.1 0.7 4208.43 93.7% 89.3% 97.0% 22.86 0.0048 0.11



































































































CO2 Sorption Catalyst C2873­34­30/Crushed Wt. CO2  extrudate, g 19.59 Reactor R1
Reforming Catalyst: 0.5% rhodium on Alumina) C2873­19­31 Vol. CO2  extrudate, cc 31.6 S/C 3
Composition CO2  sorb Ca Oxalate, 5wt% Al2O3 Density CO2, g/cc 0.6 GHSV, hr­1 390
Binder 15% Al2O3 Wt. SMR Cat., g 3.97 Reforming, °C 600
Batch No. PCL178019A Vol. SMR Cat., cc 6.4 Calcination, °C 750
Extruded by RTC Density SMR, g/cc 0.6 Pressure, atm 1
Oven Atmosphere Air Total Bed Wt., g 23.56
Calcined, C 750C  Total Bed Vol., ml 38.0
Cycle H2 CH4 CO N2 CO2 M WGS CC CF Cycle Time S gCO2/gSorb
1 96.6 1.3 1.0 0.3 0.8 1472.58 95.9% 94.9% 96.7% 57.36 0.0055 0.31
2 95.3 2.4 1.2 0.5 0.7 1643.77 95.1% 91.1% 97.1% 59.01 0.0052 0.31
3 95.2 2.3 1.3 0.5 0.7 1805.52 93.8% 90.6% 96.0% 59.85 0.0052 0.31
4 95.6 2.0 1.3 0.4 0.7 1965.41 94.1% 92.0% 96.2% 57.26 0.0052 0.30
5 95.3 2.2 1.3 0.4 0.7 2126.27 94.6% 91.5% 96.8% 55.97 0.0052 0.29
6 95.7 1.9 1.3 0.4 0.7 2286.19 94.8% 92.7% 96.8% 53.88 0.0053 0.28
7 95.6 2.0 1.2 0.4 0.7 2446.77 94.9% 92.3% 96.8% 53.20 0.0053 0.28
8 96.0 1.9 1.0 0.5 0.6 2602.58 96.1% 92.7% 97.3% 51.07 0.0054 0.27
9 95.5 2.0 1.3 0.4 0.7 2768.83 94.6% 92.3% 96.8% 50.89 0.0053 0.27
10 94.8 2.6 1.3 0.5 0.7 2930.26 94.4% 90.2% 96.8% 51.66 0.0051 0.26
11 95.8 2.0 1.2 0.4 0.6 203.05 94.9% 92.6% 97.3% 50.26 0.0053 0.27
12 95.5 2.1 1.3 0.4 0.6 405.96 94.6% 92.1% 97.1% 52.50 0.0053 0.28
13 95.3 2.2 1.3 0.4 0.8 567.93 94.5% 91.6% 96.6% 54.50 0.0052 0.28
14 95.3 2.3 1.3 0.5 0.7 727.51 94.7% 91.2% 97.0% 52.17 0.0052 0.27
15 96.0 1.8 1.1 0.4 0.7 887.82 95.3% 93.0% 97.0% 50.84 0.0053 0.27
16 95.9 2.0 1.1 0.4 0.6 1048.08 95.5% 92.5% 97.2% 47.61 0.0053 0.25
17 95.1 2.3 1.3 0.4 0.8 1211.56 94.5% 91.3% 96.4% 53.11 0.0052 0.27



































































































CO2 Sorption Catalyst C2873­35­31/Crushed Wt. CO2  extrudate, g 19.52 Reactor R1
Reforming Catalyst: 0.5% rhodium on Alumina) SMP C2873­19­31 Vol. CO2  extrudate, cc 22.4 S/C 3
Composition CO2  sorb Ca Oxalate, 5wt% Al2O3 Density CO2, g/cc 0.9 GHSV, hr­1 390
Binder 15% Al2O3 Wt. SMR Cat., g 3.98 Reforming, °C 600
Batch No. PCL178019C Vol. SMR Cat., cc 4.6 Calcination, °C 750
Extruded by RTC Density SMR, g/cc 0.9 Pressure, atm 1
Oven Atmosphere Air Total Bed Wt., g 23.50
Calcined, C  750C  Total Bed Vol., ml 26.9
   





5 95.6 1.2 1.8 0.4 0.9 1496.92 92.4% 95.2% 95.6% 101.15 0.0037 0.38
6 95.7 1.2 1.8 0.4 0.9 1723.33 92.8% 95.2% 95.8% 99.62 0.0037 0.37
7 92.4 2.8 3.2 0.5 1.1 126.81 86.7% 89.6% 94.6% 92.84 0.0032 0.30
8 91.4 3.3 3.6 0.5 1.1 379.51 83.6% 86.3% 92.9% 90.97 0.0031 0.28
9 91.8 3.1 3.4 0.5 1.1 630.24 85.7% 88.5% 94.4% 88.11 0.0032 0.28
10 91.7 3.2 3.4 0.6 1.1 883.08 84.6% 86.9% 93.2% 87.38 0.0031 0.27
11 91.6 3.4 3.4 0.6 1.1 1133.39 85.5% 87.3% 94.1% 82.52 0.0031 0.26
12 92.3 3.0 3.1 0.5 1.1 1385.77 87.1% 88.8% 94.7% 79.46 0.0032 0.26




































































































CO2  Sorption Catalyst C2873­50­24/Crushed Wt. CO2  extrudate, g 19.56 Reactor R1
Reforming Catalyst: 0.5% rhodium on Alumina) SMP C2873­19­31 Vol. CO2  extrudate, cc 34.1 S/C 3
Composition CO2  sorb CaO/MgO (80:20) Density CO2, g/cc 0.6 GHSV, hr­1 390
Binder 15% Al2O3 Wt. SMR Cat., g 3.93 Reforming, °C 600
Batch No. HCM178157D Vol. SMR Cat., cc 6.8 Calcination, °C 750
Extruded by RTC Density SMR, g/cc 0.6 Pressure, atm 1
Oven Atmosphere Air Total Bed Wt., g 23.49
Calcined, C 750C Total Bed Vol., ml 40.9
Cycle H2 CH4 CO N2 CO2 M WGS CC CF Cycle Time S gCO2/gSorb
1 96.0 1.8 1.1 0.6 0.5 290.63 95.6% 93.0% 97.8% 39.92 0.0058 0.23
2 95.5 2.3 1.1 0.6 0.5 491.50 95.5% 91.3% 97.7% 38.01 0.0057 0.22
3 95.4 2.3 1.1 0.6 0.6 692.63 95.6% 91.4% 97.5% 36.84 0.0057 0.21
4 96.6 1.4 1.0 0.5 0.6 893.16 96.0% 94.5% 97.5% 34.41 0.0059 0.20
5 96.1 1.9 0.9 0.6 0.5 1093.98 96.4% 92.9% 97.7% 33.16 0.0058 0.19
6 96.3 1.6 1.0 0.5 0.6 1236.19 96.0% 93.8% 97.5% 30.29 0.0059 0.18
7 96.3 1.6 1.0 0.5 0.6 1376.46 95.9% 94.0% 97.4% 28.97 0.0059 0.17
8 96.2 1.6 1.0 0.6 0.6 1516.31 95.8% 93.9% 97.5% 28.19 0.0059 0.17





































































































CO2  Sorption Catalyst C2873­50­26/Crushed Wt. CO2  extrudate, g 19.55 Reactor R1
Reforming Catalyst: 0.5% rhodium on Alumina) CSMP C2873­19­31 Vol. CO2  extrudate, cc 35.0 S/C 3
Composition CO2  sorb CaO/MgO (80:20) Density CO2, g/cc 0.6 GHSV, hr­1 390
Binder 15% Al2O3 Wt. SMR Cat., g 3.93 Reforming, °C 600
Batch No. HCM178157D Vol. SMR Cat., cc 7.0 Calcination, °C 750
Extruded by RTC Density SMR, g/cc 0.6 Pressure, atm 1
Oven Atmosphere Air Total Bed Wt., g 23.48
Calcined, C 750C Total Bed Vol., ml 42.0
Cycle H2 CH4 CO N2 CO2 M WGS CC CF Cycle Time S gCO2/gSorb
1 96.0 1.8 1.1 0.6 0.5 290.63 95.6% 93.0% 97.8% 39.92 0.0058 0.23
2 95.5 2.3 1.1 0.6 0.5 491.50 95.5% 91.3% 97.7% 38.01 0.0057 0.22
3 95.4 2.3 1.1 0.6 0.6 692.63 95.6% 91.4% 97.5% 36.84 0.0057 0.21
4 96.6 1.4 1.0 0.5 0.6 893.16 96.0% 94.5% 97.5% 34.41 0.0059 0.20
5 96.1 1.9 0.9 0.6 0.5 1093.98 96.4% 92.9% 97.7% 33.16 0.0058 0.19
6 96.3 1.6 1.0 0.5 0.6 1236.19 96.0% 93.8% 97.5% 30.29 0.0059 0.18
7 96.3 1.6 1.0 0.5 0.6 1376.46 95.9% 94.0% 97.4% 28.97 0.0059 0.17
8 96.2 1.6 1.0 0.6 0.6 1516.31 95.8% 93.9% 97.5% 28.19 0.0059 0.17




































































































CO2 Sorption Catalyst C3021­34­34 Wt. CO2  extrudate, g 25.01 Reactor R2
Reforming Catalyst: 0.5% rhodium on Alumina) Engelhard 326  Vol. CO2  extrudate, cc 33.7 S/C 3
Composition CO2  sorb CaO/MgO (55:45) Density CO2, g/cc 0.7 GHSV, hr­1 390
Binder 15% Al2O3 Wt. SMR Cat., g 5.00 Reforming, °C 600
Batch No. HCM178165E Vol. SMR Cat., cc 9.0 Calcination, °C 750
Extruded by RTC Density SMR, g/cc 0.6 Pressure, atm 1
Oven Atmosphere Air Total Bed Wt., g 30.01
Calcined, C 500C Total Bed Vol., ml 42.7
Cycle H2 CH4 CO N2 CO2 M WGS CC CF Cycle Time S gCO2 / gSorb
1 88.1 7.5 2.0 1.6 0.8 193.93 91.2% 75.1% 95.8% 43.70
2 87.1 8.1 2.1 1.9 0.8 382.95 90.7% 73.4% 96.1% 43.50
3 88.4 7.1 2.0 1.5 0.8 572.34 90.9% 76.1% 95.7% 38.50
4 87.6 7.8 2.2 1.6 0.9 761.92 90.1% 74.6% 95.6% 40.22
5 86.3 9.0 2.2 1.9 0.7 951.87 90.2% 71.2% 96.4% 38.76
6 86.5 8.4 2.4 2.0 0.8 89.3% 72.6% 96.0% 36.73
7 95.4 2.2 1.2 0.7 0.6 95.1% 91.6% 97.6% 31.38 0.0043 0.13
8 94.8 2.5 1.3 0.8 0.6 94.8% 90.6% 97.3% 29.84 0.0042 0.13
9 94.6 2.9 1.2 0.7 0.6 95.0% 89.3% 97.5% 27.60 0.0042 0.12
10 94.5 2.9 1.3 0.7 0.6 94.5% 89.3% 97.4% 27.55 0.0041 0.11
11 94.5 2.8 1.2 0.9 0.6 94.8% 89.7% 97.5% 26.28 0.0042 0.11
12 94.6 2.8 1.3 0.7 0.6 94.7% 89.7% 97.4% 25.18 0.0042 0.11
13 94.6 2.6 1.3 0.8 0.6 94.4% 90.1% 97.3% 25.10 0.0042 0.10
14 94.8 2.5 1.3 0.8 0.6 94.6% 90.7% 97.3% 24.63 0.0042 0.10
15 94.4 2.7 1.4 0.9 0.7 94.2% 89.9% 97.0% 25.06 0.0041 0.10
16 94.3 2.9 1.3 0.8 0.6 94.4% 89.3% 97.2% 24.44 0.0041 0.10
17 94.3 2.8 1.3 0.9 0.6 94.4% 89.4% 97.3% 24.03 0.0041 0.10
18 94.7 2.6 1.3 0.8 0.6 94.6% 90.2% 97.4% 23.38 0.0042 0.10
19 95.1 2.1 1.3 0.9 0.6 94.7% 92.0% 97.2% 23.05 0.0043 0.10
20 94.4 2.8 1.3 0.9 0.6 94.3% 89.6% 97.3% 22.43 0.0042 0.09
21 94.4 2.8 1.3 0.8 0.6 94.3% 89.5% 97.3% 22.23 0.0041 0.09
22 93.6 3.4 1.4 1.0 0.6 94.2% 87.6% 97.3% 22.19 0.0040 0.09
23 94.3 3.0 0.9 1.2 0.6 96.0% 88.9% 97.5% 17.41 0.0042 0.07

























































































































Reactor R1 R1 R2 R1 R2 R1 R2
Date loaded 6/4/2004 8/13/2004 8/13/2004 9/8/2004 9/8/2004 9/10/2004 9/10/2004
Date unloaded 6/14/2004   8/19/2004 9/10/2004 9/18/2004 9/16/2004 9/16/2004
Composition CO2  sorb 90:10 wt/wt 90:10 wt/wt 90:10 wt/wt 90:10 wt/wt 90:10 wt/wt 90:10 wt/wt 90:10 wt/wt
(CaO/MgO) (50:50CaO/MgO):(0.5wt%Rh/ (50:50CaO/MgO):(0.5wt%Rh/ (50:50CaO/MgO):(0.5wt%Rh/ (50:50CaO/MgO):(0.5wt%Rh/ (50:50CaO/MgO):(0.5wt%Rh/Al (50:50CaO/MgO):(0.5wt%Rh/ (50:50CaO/MgO):(0.5wt%Rh/
Batch No. HCl178144B HCl178147C HCl178148A HCl178148B HCl178144C HCl178144D HCl178144E
Extruded by RTC RTC RTC RTC RTC RTC RTC
Powder Post Processed, °C 500 750 750 750 500 500 500
Calcined, °C 2 hrs @ 450°C 2 hrs @ 450°C 2 hrs @ 450°C 2 hrs @ 450°C 2 hrs @ 450°C 2 hrs @ 450°C 2 hrs @ 450°C
Tot wt. Of cat., g 29.5 29.4 36.28 34.69 27.3 26.61 31.61
Tot vol. Of cat., ml 40 40 40 40 40 40 40
Bulk density of cat., g/cc 0.7375 0.735 0.907 0.86725 0.6825 0.66525 0.79025
wt. CO2   extrudate, g 25 24.9 31.78 30.19 22.8 22.11 27.11
wt. Rh extrudate, g 4.5 4.5 4.5 4.5 4.5 4.5 4.5
Bulk density of Rh 0.6 0.6 0.6 0.6 0.6 0.6 0.6
GHSV, hr­1 390 390 390 390 390 390 390
Reforming, °C 600 600 600 600 600 600 600
Desorption, °C 800 800 800 800 800 800 800
Average Reformate Composition (Cycle 1)
Average Mole % H2 57.58 95.47 94.69 94.05 94.19 95.31 93.77
Average Mole % CH4 31.02 1.45 1.65 1.89 2.51 1.49 3.10
Average Mole % CO 1.20 1.52 1.66 1.87 1.48 0.90 1.41
Average Mole % CO2 9.45 0.67 0.78 0.53 0.45 1.17 0.62
Average Mole % N2 0.73 0.87 1.21 1.64 1.33 1.09 1.08
Conversion Efficiencies Calculated from Average Reformate Compotition             
Shift Conversion (WGS) 0.91 0.94 0.93 0.92 0.94 0.96 0.94
CH4  Conversion (CC) 0.36 0.94 0.94 0.93 0.91 0.94 0.88
CO2   Sorption or Fixing (CF) 0.95 0.96 0.95 0.93 0.94 0.95 0.95
Catalyst Extrudate Shape  
Average Reformate Composition (Cycle 10) 
Average Mole % H2 95.44 94.68 95.07 95.07
Average Mole % CH4 1.44 1.81 1.92 2.23
Average Mole % CO 1.39 1.53 1.14 1.16
Average Mole % CO2 0.81 0.88 0.66 0.50
Average Mole % N2 0.90 1.08 1.18 1.00
Conversion Efficiencies Calculated from Average Reformate Compotition       
Shift Conversion (WGS) 0.94 0.94 0.95 0.95
CH4  Conversion (CC) 0.94 0.93 0.93 0.92






CO2  Sorption Catalyst CSMP 2873­29­36 IF CSMP C3021­28­16 IF CSMP C3021­28­18 IF CSMP C3021­28­20 IF CSMP C3021­28­22 IF CSMP C3021­28­24 IF

















Batch No. HCl178147A HCl178147B HCl178147C HCl178148A HCl178148B
Extruded by RTC RTC RTC RTC RTC RTC
Powder Post Processed, °C 750 750 750
Calcined, °C 2 hrs @ 450°C 2 hrs @ 450°C 2 hrs @ 450°C
wt. CO2   extrudate, g 18.24 18.26 23.76 24.9 31.78 30.19
Vol. CO2  extrudate, cc 20.0 20.0 25.0 32.5 32.5 32.5
Density CO2, g/cc 0.9 0.9 1.0 0.8 1.0 0.9
Wt. SMR Cat., g 0 0 0 4.5 4.5 4.5
Vol. SMR Cat., cc   0.0 0.0 7.5 7.5 7.5
Density SMR, g/cc       0.6 0.6 0.6
Total Bed wt., g 18.24 18.26 23.76 29.4 36.28 34.69
Total Bed Vol., ml 20.0 20.0 25.0 40.0 40.0 40.0
Reactor R1 R2 R1 R1 R2 R1
S/C 3 3 3 3 3 3
GHSV, hr­1 390 390 390 390 390 390
Reforming, °C 600 600 600 600 600 600
Calcination, °C 755 755 755 800 800 800
Pressure, atm 1 1 1 1 1 1
Date loaded 12/16/2003 12/16/2003 1/22/2004 8/13/2004 8/13/2004 9/8/2004
Date unloaded 12/17/2003 12/17/2003 1/23/2004   8/19/2004 9/10/2004












CO2  Sorption Catalyst CSMP C3021­28­27 IF CSMP C3021­28­29 IF CSMP 3021­28­29 IF CSMP C3021­28­31 IF CSMP C3021­28­33 IF CSMP C3021­28­35 IF





















Batch No. HCl178144A HCl178144B HCl178144B HCl178144C HCl178144D HCl178144E
Extruded by RTC RTC RTC RTC RTC RTC
Powder Post Processed, °C 500 500 500 500
Calcined, °C 2 hrs @ 450°C 2 hrs @ 450°C 2 hrs @ 450°C 2 hrs @ 450°C
wt. CO2   extrudate, g 23.93 25.27 25 22.8 22.11 27.11
Vol. CO2  extrudate, cc 35.0 35.0 32.5 32.5 32.5 32.5
Density CO2, g/cc 0.7 0.7 0.8 0.7 0.7 0.8
Wt. SMR Cat., g 0 0 4.5 4.5 4.5 4.5
Vol. SMR Cat., cc 0.0 0.0 7.5 7.5 7.5 7.5
Density SMR, g/cc     0.6 0.6 0.6 0.6
Total Bed wt., g 23.93 25.27 29.5 27.3 26.61 31.61
Total Bed Vol., ml 35.0 35.0 40.0 40.0 40.0 40.0
Reactor R1 R1 R1 R2 R1 R2
S/C 3 3 3 3 3 3
GHSV, hr­1 390 390 390 390 390 390
Reforming, °C 600 600 600 600 600 600
Calcination, °C 755 755 800 800 800 800
Pressure, atm 1 1 1 1 1 1
Date loaded 1/7/2004 2/2/2004 6/4/2004 9/8/2004 9/10/2004 9/10/2004






Post Run Description 40% powder No powder No powder Some powder
Size 30% normal extrudates Extrudates normal size Normal size Normal extrudate





CO2  Sorption Catalyst C2873­29­36 IF/Crushed Wt. CO2  extrudate, g 18.24 Reactor R1
Reforming Catalyst: 0.5% rhodium on Alumina) C2873­29­36  Vol. CO2  extrudate, cc 32.5 S/C 3
Composition CO2  sorb Density CO2, g/cc 0.6 GHSV, hr­1 390
Binder SMR Cat. Wt., g Reforming, °C 600
Batch No. SMR Cat. Vol, cc   Calcination, °C 755
Extruded by RTC Density SMR, g/cc   Pressure, atm 1
Powder Post Processed Total Bed wt., g 18.24
Calcined, C Total Bed Vol., ml 32.5
H2 CH4 CO N2 CO2 M WGS CC CF Cycle Time S gCO2/gSorb
1 94.6 2.1 1.2 1.2 0.8 172.13 94.8% 91.8% 96.5% 18.92 0.0046 0.09









































































































CO2 Sorption Catalyst C3021­28­16 IF wt. CO2  extrudate, g 18.26 Reactor R2
Reforming Catalyst: 0.5% rhodium on Alumina) C3021­28­16 IF Vol. CO2  extrudate, cc 20.0 S/C 3
Composition CO2  sorb 90:10 wt/wt Density CO2, g/cc 0.9 GHSV, hr­1 390
(50:50CaO/MgO):(0.5wt%Rh/Al2O3)  SMR Cat. Wt., g Reforming, °C 600
Batch No. HCl178147A SMR Cat. Vol, cc Calcination, °C 755
Extruded by RTC Density SMR, g/cc   Pressure, atm 1
Oven Atmosphere Total Bed wt., g 18.26
Calcined, C Total Bed Vol., ml 20.0

















CO2 Sorption Catalyst C3021­28­18 IF wt. CO2  extrudate, g 19.53 Reactor R1
Reforming Catalyst: 0.5% rhodium on Alumina) C3021­28­16 IF Vol. CO2  extrudate, cc 32.6 S/C 3
Composition CO2  sorb 90:10 wt/wt Density CO2, g/cc 0.6 GHSV, hr­1 390
(50:50CaO/MgO):(0.5wt%Rh/Al2O3) SMR Cat. Wt., g 3.91 Reforming, °C 600
Batch No. HCl178147B SMR Cat. Vol, cc 6.5 Calcination, °C 750
Extruded by RTC Density SMR, g/cc 0.6 Pressure, atm 1
Oven Atmosphere Total Bed wt., g 23.44
Calcined, C Total Bed Vol., ml 39.1
Cycle H2 CH4 CO N2 CO2 M WGS CC CF Cycle Time S gCO2 / gSorb
1 57.6 31.0 1.2 9.4 0.7 209.53 91.1% 36.1% 94.9%
2 50.8 32.6 1.1 14.8 0.6 356.33 91.0% 30.0% 95.5%
3 45.9 30.5 0.9 22.1 0.5 554.41 91.8% 29.6% 96.2%
4 42.0 31.6 0.9 25.1 0.4 703.91 91.7% 25.7% 96.4%
5 42.8 32.6 0.9 23.3 0.5 853.84 92.1% 25.7% 96.3%
6 42.2 32.1 0.9 24.4 0.4 887.18 91.9% 25.6% 96.2%
7 40.4 30.9 0.9 27.3 0.4 1153.74 91.1% 25.2% 96.3%
8 40.6 31.8 0.8 26.3 0.4 1303.51 92.2% 24.6% 96.5%





CO2  Sorption Catalyst C3021­28­20 IF Wt. CO2  extrudate, g 24.90 Reactor R1
Reforming Catalyst: 0.5% rhodium on Alumina) Escat 326  Vol. CO2  extrudate, cc 32.5 S/C 3
Composition CO2  sorb 90:10 wt/wt Density CO2, g/cc 0.8 GHSV, hr­1 390
(50:50CaO/MgO):(0.5wt%Rh/Al2O3) SMR Cat. Wt., g 4.50 Reforming, °C 600
Batch No. HCl178147C SMR Cat. Vol, cc 7.5 Calcination, °C 800
Extruded by RTC Density SMR, g/cc 0.6 Pressure, atm 1
Powder Post Processed 750.0 Total Bed wt., g 29.40
Calcined, C 2 hrs @ 450°C Total Bed Vol., ml 40.0
Cycle H2 CH4 CO N2 CO2 M WGS CC CF Cycle Time S gCO2/gSorb
1 95.5 1.5 1.5 0.7 0.9 198.09 93.7% 94.3% 96.1% 21.08 0.0044 0.09
2 95.6 1.4 1.5 0.6 0.9 377.23 93.9% 94.4% 96.0% 19.59 0.0044 0.09
3 95.4 1.4 1.6 0.6 1.0 557.31 93.3% 94.5% 95.6% 19.54 0.0043 0.08
4 95.6 1.4 1.5 0.6 0.9 736.68 93.9% 94.6% 96.0% 18.11 0.0044 0.08
5 95.5 1.3 1.4 0.9 0.9 915.86 94.2% 94.9% 96.0% 18.12 0.0044 0.08
6 95.7 1.3 1.5 0.5 1.0 1096.07 93.7% 95.1% 95.5% 18.10 0.0044 0.08
7 95.5 1.2 1.3 1.1 0.9 1275.42 94.5% 95.2% 96.0% 18.07 0.0044 0.08
8 95.2 1.5 1.5 0.7 0.9 1456.49 93.7% 94.1% 95.8% 16.67 0.0043 0.07
9 95.3 1.5 1.4 0.9 0.9 1635.75 94.2% 94.1% 96.0% 16.86 0.0044 0.07
10 95.4 1.4 1.4 0.8 0.9 1995.35 94.2% 94.4% 96.0% 17.14 0.0044 0.08
11 95.5 1.4 1.4 0.7 0.9 2175.95 94.1% 94.4% 95.8% 16.82 0.0044 0.07
12 95.4 1.5 1.4 0.7 1.0 2355.59 94.1% 94.3% 95.6% 17.61 0.0044 0.08
13 95.5 1.4 1.4 0.7 1.0 2535.84 94.0% 94.5% 95.6% 16.69 0.0044 0.07
14 95.4 1.4 1.4 0.8 1.0 2715.32 94.1% 94.6% 95.6% 17.58 0.0044 0.08 Reforming
15 95.2 1.5 1.5 0.8 0.9 2895.81 93.8% 94.1% 95.8% 17.41 0.0043 0.08 550C
16 95.4 2.9 0.5 1.0 0.2 3076.38 97.9% 89.3% 99.2% 14.54 0.0045 0.06 550C
17 95.8 2.8 0.4 0.9 0.2 3255.56 98.4% 89.8% 99.3% 13.62 0.0045 0.06 550C
18 93.7 4.4 0.1 1.8 0.0 3439.86 99.5% 84.5% 100.0% 11.23 0.0043 0.05 500C
19 93.9 4.5 0.1 1.4 0.0 3619.59 99.5% 84.1% 100.0% 10.13 0.0043 0.04 500C
20 93.8 4.4 0.1 1.7 0.0 3799.02 99.4% 84.4% 100.0% 9.04 0.0043 0.04 500C
21 93.9 4.5 0.1 1.5 0.0 3996.73 99.5% 84.1% 100.0% 8.98 0.0043 0.04 500C



































































































CO2  Sorption Catalyst C3021­28­22 IF Wt. CO2  extrudate, g 31.78 Reactor R2
Reforming Catalyst: 0.5% rhodium on Alumina) Escat 326  Vol. CO2  extrudate, cc 32.5 S/C 3
Composition CO2  sorb 90:10 wt/wt Density CO2, g/cc 1.0 GHSV, hr­1 390
(50:50CaO/MgO):(0.5wt%Rh/Al2O3) SMR Cat. Wt., g 4.50 Reforming, °C 600
Batch No. HCl178148A SMR Cat. Vol, cc 7.5 Calcination, °C 800
Extruded by RTC Density SMR, g/cc 0.6 Pressure, atm 1
Powder Post Processed 750.0 Total Bed wt., g 36.28
Calcined, C 2 hrs @ 450°C Total Bed Vol., ml 40.0
Cycle H2 CH4 CO N2 CO2 M WGS CC CF Cycle Time S gCO2/gSorb
1 94.7 1.6 1.7 0.8 1.2 201.85 93.1% 93.6% 94.5% 31.43 0.0033 0.10
2 94.9 1.6 1.6 0.7 1.2 381.77 93.3% 93.7% 94.7% 28.55 0.0033 0.10
3 94.7 1.7 1.6 0.9 1.2 560.33 93.4% 93.4% 94.8% 28.47 0.0033 0.09
4 94.9 1.8 1.6 0.6 1.1 740.46 93.4% 93.0% 95.0% 25.52 0.0033 0.08
5 95.0 1.7 1.5 0.7 1.1 919.66 93.9% 93.3% 95.2% 25.56 0.0034 0.09
6 94.9 1.7 1.6 0.6 1.2 1100.12 93.4% 93.3% 94.7% 25.57 0.0033 0.08
7 94.8 1.9 1.6 0.6 1.1 1279.98 93.5% 92.8% 95.0% 24.10 0.0033 0.08
8 95.0 1.9 1.4 0.7 1.0 1459.33 94.1% 92.9% 95.6% 22.20 0.0034 0.07
9 94.5 2.0 1.6 0.8 1.1 1738.07 93.5% 92.4% 95.1% 23.76 0.0033 0.08
10 94.7 1.8 1.5 0.9 1.1 1998.78 93.6% 93.0% 95.2% 23.87 0.0033 0.08
11 94.6 1.9 1.5 0.8 1.1 2178.65 93.6% 92.7% 95.1% 24.29 0.0033 0.08
12 94.8 1.8 1.5 0.9 1.1 2358.28 93.9% 93.2% 95.2% 23.54 0.0034 0.08
13 94.8 1.8 1.5 0.8 1.1 2538.15 93.9% 93.1% 95.1% 23.38 0.0033 0.08
14 95.0 1.7 1.5 0.7 1.1 2718.40 93.9% 93.3% 95.0% 22.81 0.0033 0.08 Reforming
15 94.1 2.4 1.5 0.9 1.0 2898.48 93.6% 90.9% 95.5% 21.88 0.0033 0.07 550C
16 94.0 4.4 0.3 1.1 0.2 3079.75 98.8% 84.4% 99.2% 21.22 0.0033 0.07 550C
17 95.5 2.9 0.3 1.1 0.2 3258.99 98.8% 89.3% 99.2% 20.22 0.0035 0.07 550C
18 94.6 4.0 0.1 1.3 0.0 3443.27 99.5% 85.7% 100.0% 18.07 0.0034 0.06 500C
19 94.4 4.2 0.1 1.3 0.0 3623.00 99.6% 85.3% 99.9% 16.87 0.0034 0.06 500C
20 94.5 4.2 0.1 1.1 0.0 3802.44 99.7% 85.2% 99.9% 15.77 0.0034 0.05 500C
21 94.2 4.5 0.1 1.1 0.0 3982.56 99.6% 84.2% 100.0% 13.56 0.0034 0.05 500C



































































































CO2 Sorption Catalyst C3021­28­24 IF Wt. CO2  extrudate, g 30.19 Reactor R1
Reforming Catalyst: 0.5% rhodium on Alumina) Escat 326 Vol. CO2  extrudate, cc 32.5 S/C 3
Composition CO2  sorb 90:10 wt/wt Density CO2, g/cc 0.9 GHSV, hr­1 390
(50:50CaO/MgO):(0.5wt%Rh/Al2O3) SMR Cat. Wt., g 4.50 Reforming, °C 600
Batch No. HCl178148B SMR Cat. Vol, cc 7.5 Calcination, °C 800
Extruded by RTC Density SMR, g/cc 0.6 Pressure, atm 1
Powder Post Processed 750.0 Total Bed wt., g 34.69
Calcined, C 2 hrs @ 450°C Total Bed Vol., ml 40.0
Cycle H2 CH4 CO N2 CO2 M WGS CC CF Cycle Time S gCO2/gSorb
1 94.05 1.89 1.87 0.53 1.64 210.72 92.18% 92.69% 92.51% 24.49 0.0037 0.09
2 94.18 1.72 1.86 0.63 1.58 390.26 92.25% 93.32% 92.74% 23.16 0.0038 0.09
3 94.48 1.66 1.77 0.52 1.56 569.60 92.63% 93.55% 92.91% 22.33 0.0038 0.09
4 94.51 1.60 1.80 0.49 1.58 749.77 92.50% 93.77% 92.79% 21.65 0.0038 0.08
5 94.55 1.63 1.80 0.42 1.59 929.52 92.51% 93.68% 92.76% 21.60 0.0038 0.08
6 94.55 1.62 1.78 0.47 1.56 1109.56 92.58% 93.71% 92.88% 20.87 0.0038 0.08



































































































CO2 Sorption Catalyst CSMP C3021­28­27 IF wt. CO2  extrudate, g 23.93 Reactor R1
Reforming Catalyst: 0.5% rhodium on Alumina) CSMP C3021­28­27 IF Vol. CO2  extrudate, cc 35.0 S/C 3
Composition CO2  sorb 90:10 wt/wt Density CO2, g/cc 0.7 GHSV, hr­1 390
(50:50CaO/MgO):(0.5wt%Rh/Al2O3) SMR Cat. Wt., g Reforming, °C 600
Batch No. HCl178144A SMR Cat. Vol, cc Calcination, °C 755
Extruded by RTC Density SMR, g/cc   Pressure, atm 1
Oven Atmosphere Total Bed wt., g 23.93
Calcined, C Total Bed Vol., ml 35.0
Cycle H2 CH4 CO N2 CO2 M WGS CC CF Cycle Time S gCO2 / gSorb
1 57.6 31.0 1.2 9.4 0.7 209.53 91.1% 36.1% 94.9% 16.86
2 50.8 32.6 1.1 14.8 0.6 356.33 91.0% 30.0% 95.5% 7.30
3 45.9 30.5 0.9 22.1 0.5 554.41 91.8% 29.6% 96.2% 8.56
4 42.0 31.6 0.9 25.1 0.4 703.91 91.7% 25.7% 96.4% 2.76
5 42.8 32.6 0.9 23.3 0.5 853.84 92.1% 25.7% 96.3% 3.58
6 42.2 32.1 0.9 24.4 0.4 887.18 91.9% 25.6% 96.2% 0.80
7 40.4 30.9 0.9 27.3 0.4 1153.74 91.1% 25.2% 96.3% 1.39
8 40.6 31.8 0.8 26.3 0.4 1303.51 92.2% 24.6% 96.5% 0.70





CO2 Sorption Catalyst CSMP C3021­28­29 IF wt. CO2  extrudate, g 25.27 Reactor R1
Reforming Catalyst: 0.5% rhodium on Alumina) CSMP C3021­28­29 IF Vol. CO2  extrudate, cc 35.0 S/C 3
Composition CO2  sorb 90:10 wt/wt Density CO2, g/cc 0.7 GHSV, hr­1 390
(50:50CaO/MgO):(0.5wt%Rh/Al2O3) SMR Cat. Wt., g Reforming, °C 600
Batch No. HCl178144B SMR Cat. Vol, cc Calcination, °C 755
Extruded by RTC Density SMR, g/cc   Pressure, atm 1
Oven Atmosphere Total Bed wt., g 25.27
Calcined, C Total Bed Vol., ml 35.0
Cycle H2 CH4 CO N2 CO2 M WGS CC CF Cycle Time S gCO2 / gSorb
1 57.6 31.0 1.2 9.4 0.7 209.53 91.1% 36.1% 94.9% 16.86 0.0015 0.03












CO2 Sorption Catalyst C3021­28­33 IF Wt. CO2  extrudate, g 22.11 Reactor R1
Reforming Catalyst: 0.5% rhodium on Alumina) Escat 326 Vol. CO2  extrudate, cc 32.5 S/C 3
Composition CO2  sorb 90:10 wt/wt Density CO2, g/cc 0.7 GHSV, hr­1 390
(50:50CaO/MgO):(0.5wt%Rh/Al2O3) SMR Cat. Wt., g 4.50 Reforming, °C 600
Batch No. HCl178144D SMR Cat. Vol, cc 7.5 Calcination, °C 800
Extruded by RTC Density SMR, g/cc 0.6 Pressure, atm 1
Powder Post Processed 500.0 Total Bed wt., g 26.61
Calcined, C 2 hrs @ 450°C Total Bed Vol., ml 40.0
Cycle H2 CH4 CO N2 CO2 M WGS CC CF Cycle Time S gCO2/gSorb
1 95.3 1.5 0.9 1.2 1.1 1089.37 96.3% 94.2% 95.3% 5.67 0.0050 0.06
2 95.2 1.5 1.1 1.1 1.1 1269.14 95.3% 94.3% 95.0% 5.70 0.0049 0.06
3 94.9 1.8 1.2 0.8 1.2 551.29 94.8% 93.0% 94.6% 7.41 0.0048 0.07
4 95.1 1.8 1.1 0.8 1.1 730.68 95.2% 93.2% 95.2% 6.26 0.0049 0.06
5 95.7 1.5 1.0 0.8 1.0 909.16 95.9% 94.2% 95.6% 5.19 0.0050 0.06
6 95.2 1.5 1.0 1.1 1.1 1074.87 96.0% 94.0% 95.1% 6.15 0.0050 0.06
7 95.2 1.5 1.1 1.1 1.1 1269.14 95.3% 94.3% 95.0% 5.70 0.0049 0.06
8 94.7 1.9 1.1 1.0 1.2 1629.61 95.3% 92.7% 94.8% 5.14 0.0048 0.05
9 94.8 2.0 1.1 0.9 1.2 1809.29 95.5% 92.4% 94.9% 5.19 0.0048 0.05
10 95.1 1.9 1.1 0.7 1.2 1989.61 95.2% 92.6% 94.8% 4.56 0.0048 0.04
11 95.3 1.7 1.2 0.6 1.2 2169.32 95.2% 93.3% 94.9% 4.58 0.0049 0.04
12 94.9 1.8 1.2 1.0 1.1 2349.03 95.1% 93.2% 95.3% 4.55 0.0049 0.04
13 95.4 1.6 1.1 0.8 1.1 2528.62 95.5% 93.8% 95.2% 4.59 0.0049 0.05
14 95.1 1.8 1.2 0.7 1.3 3039.51 95.1% 93.2% 94.4% 4.75 0.0048 0.04
15 95.3 1.7 1.1 0.8 1.1 2889.00 95.5% 93.5% 95.1% 4.64 0.0049 0.05
16 95.2 1.8 1.2 0.6 1.3 3069.49 95.2% 93.2% 94.4% 4.54 0.0048 0.04



































































































CO2 Sorption Catalyst C3021­28­35 IF Wt. CO2  extrudate, g 27.11 Reactor R2
Reforming Catalyst: 0.5% rhodium on Alumina) Escat 326 Vol. CO2  extrudate, cc 32.5 S/C 3
Composition CO2  sorb 90:10 wt/wt Density CO2, g/cc 0.8 GHSV, hr­1 390
(50:50CaO/MgO):(0.5wt%Rh/Al2O3) SMR Cat. Wt., g 4.50 Reforming, °C 600
Batch No. HCl178144E SMR Cat. Vol, cc 7.5 Calcination, °C 800
Extruded by RTC Density SMR, g/cc 0.6 Pressure, atm 1
Powder Post Processed 500.0 Total Bed wt., g 31.61
Calcined, C 2 hrs @ 450°C Total Bed Vol., ml 40.0
Cycle H2 CH4 CO N2 CO2 M WGS CC CF Cycle Time S gCO2/gSorb
1 93.77 3.10 1.41 0.62 1.08 196.72 94.07% 88.50% 95.20% 20.40 0.0037 0.08
2 93.5 3.4 1.4 0.5 1.1 375.79 94.0% 87.5% 95.2% 19.30 0.0037 0.07
3 93.8 3.3 1.2 0.6 1.1 556.02 94.7% 87.9% 95.2% 20.28 0.0037 0.08
4 93.6 3.4 1.3 0.7 1.0 735.40 94.7% 87.4% 95.5% 20.32 0.0037 0.08
5 94.3 2.7 1.3 0.7 1.0 915.64 94.7% 89.8% 95.6% 19.21 0.0038 0.07
6 94.7 2.6 1.1 0.6 1.0 1094.66 95.3% 90.1% 95.8% 18.05 0.0039 0.07
7 94.9 2.2 1.1 0.8 1.0 1274.50 95.5% 91.7% 95.7% 18.12 0.0039 0.07
8 94.8 2.3 1.2 0.6 1.1 1634.32 95.1% 91.2% 95.3% 18.05 0.0039 0.07
9 95.2 2.2 1.0 0.6 0.9 1814.06 95.8% 91.5% 96.0% 15.78 0.0040 0.06
10 95.1 2.2 1.2 0.5 1.0 1993.79 95.2% 91.5% 95.6% 15.91 0.0039 0.06
11 94.9 2.3 1.1 0.8 1.0 2173.50 95.4% 91.4% 95.8% 15.78 0.0039 0.06
12 94.8 2.3 1.1 0.8 1.0 2353.80 95.4% 91.2% 95.8% 14.85 0.0039 0.06
13 94.8 2.3 1.2 0.6 1.1 2533.98 95.0% 91.3% 95.2% 15.81 0.0039 0.06
14 94.8 2.2 1.1 0.9 1.0 2713.60 95.4% 91.6% 95.5% 15.96 0.0039 0.06
15 95.0 2.2 1.1 0.8 1.0 2893.19 95.6% 91.7% 95.7% 15.80 0.0040 0.06
16 94.7 2.3 1.2 0.7 1.1 3073.97 95.1% 91.2% 95.3% 14.87 0.0039 0.06






















































































































Composition CO2  sorb CaO/MgO (55:45) CaO/MgO (55:45) CaO/MgO(55:45) CaO/MgO (55:45)
Binder 15%Al203 15%Al203 15%Al203 15%Al203  
Batch No. HCM178165E PRA178137B HCM178165E HCM178173B HCM178163C
Extruded by RTC RTC RTC RTC RTC
Oven Atmosphere Air Air Air Air Air
Calcined, C 500C  2 hrs @ 750C  2 hrs @ 750C 750
Wt. CO2  extrudate, g 29.0 20.0 22.1 26.0 26.0
Vol. CO2  extrudate, cc 33.4 36.0 36.5 34.0 32.5
Density CO2, g/cc 0.9 0.6 0.6 0.8 0.8
Wt. SMR Cat., g 5.83 4.0 4.4 5.2 4.5
Vol. SMR Cat., cc 9.32 5.8 7.6 8.7 7.5
Density SMR, g/cc 0.6 0.7 0.6 0.6 0.6
Total Bed Wt., g 34.8 24.0 26.5 31.2 30.5
Total Bed Vol., ml 42.7 41.8 40.0 40.0 40.0
Reactor R1 R1 R2 R1 R1
S/C 3 3 3 3 3
GHSV, hr­1 390 390 390 390 390
Reforming, °C 600 600 600 600 600
Calcination, °C 755 750 800 800 800
Pressure, atm. 1 1 1 1 1
Date loaded 2/4/04 37914 02/23/04 6/15/04 7/27/04
Date unloaded 2/12/04 37914 03/01/04 7/15/04 8/1/04
Sample Extrudate Extrudate Extrudate Extrudate Extrudate



















Composition CO2  sorb CaO/MgO (80/20) CaO/MgO (83/17) CaO/MgO(59:41) CaO/MgO (55:45)
Binder 15%Al203 15%Al203 15%Al203 15%Al203
Batch No. HCM178177A HCM178177B HCM1781177E HCM178165E
Extruded by RTC RTC RTC RTC
Oven Atmosphere Air Air Air Air
Calcined, C  750 C; CS ­ 5.8 lbs/mm  750 C; CS ­ 4 lbs/mm 750 C; CS ­ 3 lbs/mm  750 C
Wt. CO2  extrudate, g 25.4 27.0 24.7 26.0
Vol. CO2  extrudate, cc 32.5 32.5 32.5 32.5
Density CO2, g/cc 0.8 0.8 0.8 0.8
Wt. SMR Cat., g 4.5 4.5 4.5 4.5
Vol. SMR Cat., cc 7.5 7.5 7.5 7.5
Density SMR, g/cc 0.6 0.6 0.6 0.6
Total Bed Wt., g 29.9 31.5 29.2 24.1
Total Bed Vol., ml 40.0 40.0 40.0 40.0
Reactor R1 R2 R1 R1
S/C 3 3 3 3
GHSV, hr­1 390 390 390 390
Reforming, °C 600 600 600 600
Calcination, °C 800 800 800 800
Pressure, atm. 1 1 1 1
Date loaded 8/19/04 8/19/04 10/12/04 5/4/04
Date unloaded 9/8/04 9/8/04 11/3/04 5/20/04
Sample Extrudate Extrudate Extrudate Extrudate
Post Run Description Mostly powder   No powder
Size No original size extrudates Normal size






CO2 Sorption Catalyst C3021­39­32 Wt. CO2  extrudate, g 29.0 Reactor R1
Reforming Catalyst: 0.5% rhodium on Alumina) Engelhard Escat 326 Vol. CO2  extrudate, cc 33.4 S/C 3
Composition CO2  sorb CaO/MgO (55:45) Density CO2, g/cc 0.9 GHSV, hr­1 390
Binder 15% Al2O3 Wt. SMR Cat., g 5.8 Reforming, °C 600
Batch No. HCM178165E Vol. SMR Cat., cc 9.3 Calcination, °C 755
Extruded by RTC Density SMR, g/cc 0.6 Pressure, atm 1.0
Oven Atmosphere Air Total Bed Wt., g 34.8
Calcined, C 500C Total Bed Vol., ml 42.7
Cycle H2 CH4 CO N2 CO2 M WGS CC CF Cycle Time S gCO2 / gSorb
1 96.0 1.8 1.0 0.6 0.7 208.30 96.0% 93.3% 97.2% 37.22 0.0038 0.14
2 96.1 1.6 1.0 0.6 0.7 397.94 95.9% 93.9% 96.8% 36.03 0.0038 0.14
3 96.3 1.4 1.0 0.5 0.7 587.09 95.9% 94.7% 96.7% 33.97 0.0038 0.13
4 95.9 1.8 1.0 0.7 0.7 776.32 95.7% 93.3% 97.0% 31.83 0.0038 0.12
5 96.3 1.3 1.0 0.7 0.7 964.86 96.0% 94.8% 96.9% 30.91 0.0039 0.12
6 96.4 1.3 1.0 0.5 0.7 1157.11 95.9% 95.0% 96.8% 28.63 0.0039 0.11
7 96.1 1.2 1.0 0.9 0.7 1320.33 95.9% 95.1% 96.8% 26.44 0.0039 0.10
8 96.2 1.3 1.1 0.7 0.8 1484.75 95.5% 95.0% 96.6% 24.59 0.0038 0.09
9 96.0 1.3 1.2 0.7 0.8 1649.57 95.2% 95.1% 96.3% 23.85 0.0038 0.09
10 96.1 1.2 1.1 0.8 0.8 1813.76 95.5% 95.4% 96.4% 24.01 0.0038 0.09
11 96.0 1.3 1.1 0.8 0.8 1978.59 95.4% 94.9% 96.4% 22.63 0.0038 0.09
12 95.9 1.5 1.1 0.8 0.8 2143.40 95.5% 94.3% 96.6% 21.17 0.0038 0.08
13 95.9 1.3 1.0 0.9 0.8 2307.48 95.7% 94.8% 96.7% 21.24 0.0038 0.08
14 95.5 1.7 1.2 0.8 0.8 2473.03 95.0% 93.5% 96.4% 21.17 0.0038 0.08
15 94.5 2.4 1.2 1.2 0.7 2637.60 95.0% 91.0% 96.9% 19.78 0.0037 0.07
16 94.5 2.5 1.3 0.9 0.8 2802.95 94.5% 90.5% 96.6% 19.78 0.0038 0.08
17 94.8 2.4 1.2 0.8 0.7 96.48 94.8% 90.9% 97.0% 18.28 0.0037 0.07
18 94.7 2.4 1.2 1.0 0.7 250.26 94.9% 91.0% 96.9% 18.44 0.0037 0.07
19 94.6 2.4 1.2 1.2 0.7 405.12 95.0% 91.1% 97.0% 17.54 0.0037 0.06
20 94.6 2.5 1.4 0.8 0.8 560.88 94.3% 90.7% 96.5% 17.74 0.0036 0.06
21 94.5 2.4 1.4 0.9 0.8 715.98 94.2% 90.8% 96.4% 17.58 0.0036 0.06
22 94.6 2.4 1.4 0.8 0.8 870.80 94.2% 90.9% 96.3% 17.60 0.0036 0.06
23 94.8 2.2 1.2 1.1 0.7 1024.59 95.0% 91.7% 96.8% 17.53 0.0037 0.06
24 95.0 2.2 1.2 0.8 0.8 1180.08 94.9% 91.6% 96.7% 15.78 0.0037 0.06
25 94.8 2.2 1.2 1.1 0.7 1334.78 94.9% 91.6% 96.7% 16.05 0.0037 0.06
26 94.3 2.5 1.2 1.2 0.7 1489.36 94.8% 90.5% 96.8% 16.90 0.0036 0.06
27 94.1 2.5 1.3 1.3 0.8 1644.28 94.5% 90.5% 96.6% 17.60 0.0036 0.06
28 94.6 2.4 1.2 1.1 0.7 1799.25 94.9% 90.9% 96.8% 15.74 0.0037 0.06
29 94.6 2.4 1.4 0.8 0.8 1955.05 94.3% 90.9% 96.3% 15.84 0.0036 0.06
30 94.6 2.3 1.4 0.8 0.8 2110.12 94.3% 91.2% 96.2% 15.76 0.0036 0.06
31 94.8 2.3 1.3 0.8 0.8 2264.78 94.4% 91.4% 96.2% 15.82 0.0036 0.06
32 94.7 2.2 1.3 0.9 0.8 2419.66 94.5% 91.6% 96.3% 15.77 0.0036 0.06
33 94.9 2.1 1.2 1.0 0.8 2573.87 94.9% 92.0% 96.6% 15.78 0.0037 0.06
34 95.1 2.1 1.2 0.8 0.8 2729.30 95.0% 91.9% 96.6% 14.06 0.0037 0.05
35 94.9 2.1 1.2 1.0 0.8 2883.82 94.9% 92.1% 96.4% 15.85 0.0037 0.06
36 94.6 2.0 1.2 1.4 0.8 3038.65 94.9% 92.3% 96.3% 15.82 0.0037 0.06
37 94.7 2.1 1.3 1.0 0.9 3194.71 94.4% 92.0% 95.9% 15.60 0.0036 0.06
38 94.9 2.0 1.2 1.1 0.8 3348.72 95.0% 92.5% 96.4% 15.61 0.0037 0.06
39 94.8 1.9 1.2 1.2 0.9 3504.08 94.9% 92.7% 96.2% 15.48 0.0037 0.06
40 95.3 1.9 1.1 0.8 0.8 3658.89 95.2% 92.7% 96.5% 14.14 0.0037 0.05
41 95.1 2.0 1.2 0.9 0.8 3814.34 95.0% 92.5% 96.3% 14.15 0.0037 0.05
42 94.9 2.0 1.2 1.0 0.9 3968.99 94.8% 92.4% 96.1% 15.51 0.0037 0.06
43 95.1 1.9 1.1 1.0 0.8 4123.69 95.4% 92.6% 96.6% 14.14 0.0037 0.05



































































































CO2 Sorption Catalyst *CSMP C3021­34­12 Wt. CO2  extrudate, g 21.3 Reactor R1
Reforming Catalyst: 0.5% rhodium on Alumina) Engelhard Escat 326 Vol. CO2  extrudate, cc 32.5 S/C 3
Composition CO2  sorb CaO/MgO(55:45) Density CO2, g/cc 0.7 GHSV, hr­1 390
Binder 15%Al203 Wt. SMR Cat., g 4.5 Reforming, °C 600
Batch No. HCM178165E Vol. SMR Cat., cc 7.5 Calcination, °C 800
Extruded by RTC Density SMR, g/cc 0.6 Pressure, atm. 1.0
Oven Atmosphere Total Bed Wt., g 25.8
Calcined, C  2 hrs @ 750C Total Bed Vol., ml 40.0
Cycle H2 CH4 CO N2 CO2 M WGS CC CF Cycle Time S gCO2/gSorb
1 93.6 3.3 1.3 1.1 0.8 266.91 94.5% 88.0% 96.2% 41.38 0.0047 0.19
2 90.0 6.3 1.4 1.4 0.9 437.24 93.8% 78.7% 95.7% 39.88 0.0041 0.16
3 90.8 5.6 1.5 1.1 1.0 606.42 93.6% 80.5% 95.2% 37.39 0.0042 0.16
4 83.4 12.6 1.3 2.0 0.7 781.42 93.7% 62.8% 96.8% 44.75 0.0033 0.15
5 83.2 12.9 1.2 2.1 0.6 948.38 92.0% 60.7% 94.7% 39.88 0.0032 0.13
6 83.8 12.2 1.2 2.2 0.6 1117.98 94.6% 63.7% 97.2% 39.27 0.0034 0.13













































































































CO2 Sorption Catalyst *CSMP C3021­34­12 Wt. CO2  extrudate, g 29.0 Reactor R1
Reforming Catalyst: 0.5% rhodium on Alumina) *CSMP C3021­9­28  Vol. CO2  extrudate, cc 33.4 S/C 3
Composition CO2  sorb CaO/MgO (55:45) Density CO2, g/cc 0.9 GHSV, hr­1 390
Binder 15%Al203 Wt. SMR Cat., g 5.8 Reforming, °C 600
Batch No. PRA178137B Vol. SMR Cat., cc 9.3 Calcination, °C 755
Extruded by RTC Density SMR, g/cc 0.6 Pressure, atm 1.0
Oven Atmosphere Air Total Bed Wt., g 34.8
Calcined, C  2 hrs @ 750C Total Bed Vol., ml 42.7
Cycle H2 CH4 CO N2 CO2 M WGS CC CF Cycle Time S gCO2 / gSorb
1 90.0 5.5 1.7 2.1 0.7 271.19 92.4% 81.1% 96.5%
2 87.2 5.4 3.5 2.1 1.7 122.92 74.7% 72.3% 78.3%





CO2  Sorption Catalyst *C3022­28­31 Wt. CO2  extrudate, g 26.0 Reactor R1
Reforming Catalyst: 0.5% rhodium on Alumina) Engelhard Escat 326 Vol. CO2  extrudate, cc 34.0 S/C 3
Composition CO2  sorb CaO/MgO (55:45) Density CO2, g/cc 0.8 GHSV, hr­1 390
Binder 15%Al203 Wt. SMR Cat., g 5.2 Reforming, °C 600
Batch No. HCM178173B Vol. SMR Cat., cc 8.7 Calcination, °C 800
Extruded by RTC Density SMR, g/cc 0.6 Pressure, atm. 1.0
Oven Atmosphere Air Total Bed Wt., g 31.2
Calcined, C 750.0 Total Bed Vol., ml 40.0
Cycle H2 CH4 CO N2 CO2 M WGS CC CF Cycle Time S gCO2/gSorb
1 97.6 0.3 0.6 0.4 1.0 217.47 97.4% 98.9% 95.7% 60.12 0.0045 0.27
2 97.7 0.2 0.6 0.5 1.0 397.93 97.6% 99.2% 95.7% 59.63 0.0045 0.27
3 97.7 0.2 0.6 0.5 1.0 578.28 97.5% 99.2% 95.8% 59.36 0.0046 0.27 S/C
4 97.7 0.2 0.6 0.6 1.0 758.00 97.4% 99.0% 95.5% 59.73 0.0045 0.27 5.60
5 97.8 0.2 0.6 0.5 1.0 938.44 97.7% 99.4% 95.7% 59.06 0.0046 0.27 5.60
6 95.0 1.3 1.4 1.2 1.1 1116.79 94.1% 94.8% 95.1% 60.54 0.0042 0.25 5.60
7 94.9 1.7 1.6 0.7 1.0 1345.06 93.2% 93.3% 95.4% 55.44 0.0041 0.23 5.60
8 95.0 1.7 1.6 0.7 1.0 1541.90 93.3% 93.4% 95.4% 54.62 0.0041 0.22 5.60
9 95.0 1.7 1.6 0.6 1.0 1731.25 93.3% 93.3% 95.5% 52.31 0.0041 0.21  
10 95.1 1.7 1.6 0.6 1.0 1920.70 93.4% 93.4% 95.5% 50.82 0.0041 0.21
11 95.0 1.7 1.6 0.7 1.0 2110.43 93.3% 93.4% 95.5% 49.94 0.0041 0.20
12 95.0 1.7 1.6 0.7 1.0 2299.54 93.4% 93.4% 95.5% 49.32 0.0041 0.20
13 95.0 1.7 1.6 0.7 1.0 2489.59 93.3% 93.4% 95.5% 49.02 0.0041 0.20
14 94.8 1.9 1.6 0.7 1.0 2679.23 93.2% 92.9% 95.5% 48.93 0.0041 0.20
15 94.7 1.9 1.7 0.7 1.0 2869.21 93.0% 92.8% 95.4% 47.59 0.0040 0.19
16 94.7 1.9 1.7 0.7 1.0 3058.52 92.9% 92.8% 95.3% 47.69 0.0040 0.19
17 94.8 1.9 1.6 0.7 1.0 3248.55 93.2% 92.8% 95.5% 46.27 0.0041 0.19
18 94.9 1.8 1.6 0.7 1.0 3437.77 93.3% 93.0% 95.6% 46.29 0.0041 0.19
19 94.9 1.8 1.6 0.7 1.0 3628.12 93.2% 93.1% 95.5% 45.46 0.0041 0.19
20 94.9 1.8 1.6 0.7 1.0 3818.13 93.2% 93.0% 95.5% 45.49 0.0041 0.19
21 94.9 1.8 1.6 0.7 1.0 4007.81 93.2% 93.1% 95.4% 45.54 0.0041 0.19
22 94.6 2.0 1.7 0.8 0.9 137.27 93.1% 92.5% 95.8% 45.22 0.0041 0.18
23 94.8 1.9 1.6 0.7 0.9 316.64 93.2% 92.7% 95.8% 44.46 0.0041 0.18
24 94.8 1.9 1.6 0.7 1.0 496.65 93.2% 92.8% 95.7% 43.66 0.0041 0.18
25 94.9 1.8 1.6 0.7 0.9 675.96 93.4% 92.9% 95.7% 43.74 0.0041 0.18
26 94.8 1.9 1.6 0.7 0.9 855.70 93.3% 92.8% 95.8% 42.58 0.0041 0.17
27 94.8 1.9 1.6 0.8 0.9 1035.48 93.5% 92.9% 95.8% 41.59 0.0041 0.17
28 94.9 1.8 1.6 0.7 1.0 1215.75 93.3% 92.9% 95.6% 41.59 0.0041 0.17
29 95.0 1.8 1.6 0.7 1.0 1395.49 93.5% 93.1% 95.7% 40.21 0.0041 0.16
30 95.0 1.8 1.6 0.7 1.0 1575.04 93.5% 93.1% 95.6% 41.22 0.0041 0.17
31 95.0 1.8 1.6 0.7 1.0 1664.04 93.4% 93.2% 95.6% 41.19 0.0041 0.17
32 95.1 1.7 1.6 0.6 1.0 1935.01 93.5% 93.6% 95.5% 40.21 0.0041 0.17
33 95.1 1.7 1.6 0.6 1.0 2115.05 93.4% 93.4% 95.5% 39.99 0.0041 0.16
34 95.0 1.7 1.5 0.8 1.0 2294.08 93.7% 93.4% 95.7% 40.08 0.0041 0.16
35 95.0 1.6 1.5 0.8 1.0 2474.25 93.6% 93.8% 95.5% 40.12 0.0041 0.17
36
37 95.1 1.7 1.7 0.7 0.9 2834.66 93.1% 93.5% 96.1% 39.61 0.0041 0.16




































































































CO2 Sorption Catalyst *CSMP C3022­30­32 Wt. CO2  extrudate, g 26.0 Reactor R1
Reforming Catalyst: 0.5% rhodium on Alumina) Engelhard Escat 326 Vol. CO2  extrudate, cc 32.5 S/C 3
Composition CO2  sorb Density CO2, g/cc 0.8 GHSV, hr­1 390
Binder   Wt. SMR Cat., g 4.5 Reforming, °C 600
Batch No. HCM178163C Vol. SMR Cat., cc 7.5 Calcination, °C 800
Extruded by RTC Density SMR, g/cc 0.6 Pressure, atm. 1.0
Oven Atmosphere Air Total Bed Wt., g 30.5
Calcined, C Total Bed Vol., ml 40.0
Cycle H2 CH4 CO N2 CO2 M WGS CC CF Cycle Time S gCO2 / gSorb
1 95.4 1.9 1.2 0.7 0.8 234.52 94.8% 92.8% 96.4% 59.00 0.0042 0.25
2 95.6 1.8 1.2 0.6 0.8 412.52 95.2% 93.0% 96.6% 55.00 0.0042 0.23
3 95.8 1.7 1.1 0.6 0.8 591.02 95.4% 93.5% 96.7% 52.00 0.0042 0.22
4 96.0 1.6 1.1 0.5 0.8 770.02 95.4% 93.8% 96.7% 50.00 0.0043 0.21
5 95.9 1.7 1.1 0.5 0.8 949.02 95.5% 93.5% 96.7% 48.00 0.0042 0.20
6 95.8 1.7 1.1 0.7 0.8 1128.02 95.4% 93.6% 96.6% 48.00 0.0042 0.20
7 95.8 1.6 1.1 0.6 0.8 1307.78 95.4% 93.8% 96.5% 46.81 0.0042 0.20
8 96.0 1.5 1.0 0.7 0.8 1486.44 95.7% 94.1% 96.7% 45.34 0.0043 0.19
9 95.5 2.0 1.1 0.6 0.7 1765.07 95.3% 92.3% 97.0% 41.66 0.0042 0.17
10 95.6 2.0 1.0 0.6 0.7 1943.73 95.7% 92.4% 97.0% 42.01 0.0042 0.18
11 95.6 1.9 1.1 0.6 0.7 2123.43 95.6% 92.6% 96.8% 41.87 0.0042 0.18
12 95.6 1.9 1.1 0.6 0.7 2302.67 95.5% 92.6% 96.8% 40.76 0.0042 0.17
13 95.7 1.9 1.0 0.6 0.7 2482.39 95.7% 92.6% 96.9% 38.50 0.0042 0.16
14 95.6 1.8 1.0 0.7 0.8 2661.73 95.7% 93.0% 96.7% 39.77 0.0042 0.17



































































































CO2 Sorption Catalyst *CSMP C3022­42­33 Wt. CO2  extrudate, g 25.4 Reactor R1
Reforming Catalyst: 0.5% rhodium on Alumina) Engelhard Escat 326 Vol. CO2  extrudate, cc 32.5 S/C 3
Composition CO2  sorb CaO/MgO (80/20) Density CO2, g/cc 0.8 GHSV, hr­1 390
Binder 15%Al203 Wt. SMR Cat., g 4.5 Reforming, °C 600
Batch No. HCM178177A Vol. SMR Cat., cc 7.5 Calcination, °C 800
Extruded by RTC Density SMR, g/cc 0.6 Pressure, atm. 1.0
Oven Atmosphere Air Total Bed Wt., g 29.9
Calcined, C  750 C Total Bed Vol., ml 40.0
Cycle H2 CH4 CO N2 CO2 M WGS CC CF Cycle Time S gCO2 / gSorb
1 94.4 3.4 0.8 0.9 0.6 217.00 96.7% 87.7% 97.5% 60.00 0.00 0.25
2 93.5 4.1 0.8 0.9 0.6 396.00 96.7% 85.1% 97.5% 60.00 0.00 0.24
3 94.3 3.4 0.8 0.9 0.6 576.50 96.5% 87.7% 97.5% 61.00 0.00 0.25
4 95.2 2.7 0.8 0.7 0.6 756.00 96.5% 89.9% 97.5% 61.00 0.00 0.26
5 95.4 2.4 0.9 0.8 0.6 934.13 96.3% 91.0% 97.4% 61.00 0.00 0.26
6 95.6 2.2 0.9 0.7 0.6 1116.50 96.2% 91.6% 97.4% 61.00 0.00 0.26
7 95.6 2.1 1.0 0.7 0.6 1296.50 95.9% 92.0% 97.3% 61.00 0.00 0.26
8 95.7 2.0 1.0 0.6 0.6 1476.58 95.7% 92.4% 97.3% 59.91 0.00 0.26
9 95.7 1.9 1.1 0.6 0.7 1657.03 95.5% 92.6% 97.1% 60.35 0.00 0.26
10 95.7 2.0 1.1 0.5 0.7 1836.58 95.4% 92.5% 97.1% 60.20 0.00 0.26
11 95.8 1.9 1.1 0.5 0.7 2016.66 95.3% 92.7% 97.1% 59.97 0.00 0.26
12 95.6 1.9 1.2 0.5 0.7 2196.50 95.0% 92.6% 97.1% 60.14 0.00 0.26



































































































CO2 Sorption Catalyst *CSMP C3022­44­31 Wt. CO2  extrudate, g 27.0 Reactor R2
Reforming Catalyst: 0.5% rhodium on Alumina) Engelhard Escat 326 Vol. CO2  extrudate, cc 32.5 S/C 3
Composition CO2  sorb CaO/MgO (83/17) Density CO2, g/cc 0.8 GHSV, hr­1 390
Binder 15%Al203 Wt. SMR Cat., g 4.5 Reforming, °C 600
Batch No. HCM178177B Vol. SMR Cat., cc 7.5 Calcination, °C 800
Extruded by RTC Density SMR, g/cc 0.6 Pressure, atm. 1
Oven Atmosphere Air Total Bed Wt., g 31.5
Calcined, C  750 C Total Bed Vol., ml 40.0
Cycle H2 CH4 CO N2 CO2 M WGS CC CF Cycle Time S gCO2 / gSorb
1 94.5 3.3 0.8 0.8 0.5 216.49 96.6% 87.9% 97.8% 29.50 0.0039 0.23
2 93.7 3.9 0.9 0.9 0.6 395.99 96.2% 85.8% 97.5% 30.00 0.0038 0.23
3 95.2 2.6 0.9 0.7 0.6 576.99 96.4% 90.2% 97.4% 30.00 0.0040 0.24
4 95.1 2.8 0.9 0.6 0.6 756.99 96.3% 89.7% 97.4% 28.99 0.0040 0.23
5 95.1 2.6 0.9 0.8 0.6 936.49 96.2% 90.2% 97.3% 30.50 0.0040 0.24
6 94.0 3.6 1.0 0.8 0.6 1117.49 95.8% 87.0% 97.3% 29.50 0.0038 0.23
7 94.9 2.6 1.0 0.8 0.7 1296.49 95.9% 90.2% 97.2% 30.50 0.0040 0.24
8 94.9 2.6 1.0 0.7 0.7 1476.48 95.6% 90.3% 97.2% 30.03 0.0040 0.24
9 94.9 2.6 1.1 0.7 0.7 1656.92 95.6% 90.1% 97.1% 30.18 0.0040 0.24
10 94.8 2.6 1.1 0.7 0.7 1836.48 95.3% 90.1% 97.0% 30.05 0.0039 0.24
11 94.8 2.7 1.2 0.6 0.7 2016.56 95.0% 90.0% 97.0% 29.51 0.0039 0.23
12 94.6 2.7 1.2 0.7 0.7 2196.40 94.9% 89.8% 97.0% 30.12 0.0039 0.24
13 94.6 2.7 1.3 0.7 0.7 2377.02 94.7% 89.8% 96.9% 30.24 0.0039 0.23
 
15 94.4 2.7 1.4 0.7 0.8 2736.96 94.0% 89.8% 96.7% 29.83 0.0040 0.24
16 94.3 2.8 1.5 0.7 0.8 2917.06 93.8% 89.7% 96.6% 29.88 0.0040 0.24
17 94.2 2.8 1.6 0.6 0.8 3096.55 93.5% 89.6% 96.4% 29.21 0.0041 0.24
18 94.1 2.8 1.6 0.6 0.8 3276.85 93.1% 89.4% 96.3% 29.14 0.0041 0.24
19 94.0 2.8 1.6 0.6 0.8 3456.51 93.1% 89.4% 96.2% 30.01 0.0041 0.24
20 93.7 2.9 1.8 0.7 0.9 3636.82 92.5% 89.3% 96.1% 30.00 0.0041 0.24
21 93.6 3.0 1.8 0.7 0.9 3816.41 90.4% 86.8% 93.7% 29.18 0.0041 0.24
22 94.0 2.8 1.7 0.6 0.8 3994.48 92.9% 89.5% 96.3% 26.86 0.0041 0.22
23 94.0 2.8 1.6 0.7 0.8 4172.96 93.1% 89.5% 96.5% 25.44 0.0041 0.21
24 94.1 2.8 1.6 0.7 0.8 4352.03 93.2% 89.5% 96.5% 24.68 0.0041 0.20
25 93.8 2.9 1.8 0.7 0.8 4532.83 92.5% 89.4% 96.3% 25.27 0.0041 0.21
26 93.9 2.8 1.7 0.7 0.8 4711.70 92.7% 89.4% 96.4% 23.99 0.0041 0.20
27 93.9 2.8 1.7 0.8 0.8 4890.78 93.0% 89.5% 96.5% 24.02 0.0041 0.20
28 94.0 2.8 1.7 0.7 0.8 5070.59 92.8% 89.6% 96.4% 23.25 0.0041 0.19
29 93.9 2.8 1.7 0.7 0.8 5250.39 92.8% 89.4% 96.4% 22.58 0.0041 0.18
30 94.0 2.8 1.7 0.7 0.8 5429.53 92.9% 89.5% 96.3% 22.48 0.0041 0.18
31 94.1 2.8 1.7 0.7 0.8 5608.94 93.1% 89.7% 96.5% 21.77 0.0041 0.18
32 93.4 3.2 2.0 0.3 1.0 11718.28 91.4% 88.1% 95.4% 22.20 0.0041 0.18
33 93.5 3.2 2.0 0.3 1.0 11896.95 91.6% 88.3% 95.5% 21.75 0.0041 0.18
34 93.6 3.1 2.0 0.3 1.0 12077.32 91.7% 88.5% 95.4% 21.69 0.0041 0.18
35 93.6 3.1 2.0 0.3 1.0 12256.60 89.5% 86.5% 93.1% 21.61 0.0041 0.18
36 93.5 3.1 2.0 0.4 1.0 12436.39 91.6% 88.5% 95.4% 21.14 0.0034 0.15
37 93.2 3.6 2.0 0.3 1.0 12616.20 91.7% 87.0% 95.5% 20.56 0.0041 0.17
38 93.4 3.2 1.9 0.5 1.0 12795.13 92.0% 88.1% 95.6% 20.20 0.0041 0.17
39 93.4 3.4 1.9 0.3 1.0 12975.26 92.1% 87.6% 95.6% 20.23 0.0036 0.15
40 93.7 3.1 1.8 0.4 1.0 13154.67 92.3% 88.7% 95.5% 19.45 0.0037 0.14
41 93.5 3.1 1.9 0.4 1.0 13334.98 91.9% 88.5% 95.4% 19.41 0.0037 0.14
42 93.7 3.1 1.9 0.3 1.0 13514.66 92.0% 88.6% 95.5% 18.71 0.0037 0.14
43 93.6 3.1 1.9 0.3 1.0 13695.04 91.8% 88.5% 95.4% 18.73 0.0036 0.14
44 93.6 3.1 2.0 0.3 1.0 13874.54 91.8% 88.6% 95.4% 18.80 0.0037 0.14



































































































CO2 Sorption Catalyst *CSMP C3022­47­23 Wt. CO2  extrudate, g 24.7 Reactor R1
Reforming Catalyst: 0.5% rhodium on Alumina) Engelhard Escat 326 Vol. CO2  extrudate, cc 32.5 S/C 3
Composition CO2  sorb CaO/MgO(59:41) Density CO2, g/cc 0.8 GHSV, hr­1 390
Binder 15%Al203 Wt. SMR Cat., g 4.5 Reforming, °C 600
Batch No. HCM1781177E Vol. SMR Cat., cc 7.5 Calcination, °C 800
Extruded by RTC Density SMR, g/cc 0.6 Pressure, atm. 1
Oven Atmosphere Air Total Bed Wt., g 29.2
Calcined, C 750 C Total Bed Vol., ml 40.0





















21 94.9 2.1 1.5 0.3 1.3 34743.63 93.8% 92.1% 94.4% 25.94 0.0042 0.22
22 94.9 2.0 1.4 0.4 1.3 34952.43 94.0% 92.2% 94.3% 25.27 0.0042 0.21
23 95.0 2.0 1.4 0.2 1.3 35162.41 94.0% 92.3% 94.1% 24.77 0.0042 0.21
24 94.8 2.0 1.5 0.4 1.4 35371.99 93.9% 92.3% 93.8% 25.39 0.0042 0.21
25 95.0 2.0 1.4 0.2 1.3 35580.99 94.2% 92.4% 94.1% 23.97 0.0042 0.20
26 94.9 2.0 1.5 0.2 1.4 35791.39 93.9% 92.3% 93.7% 23.92 0.0042 0.20
27 94.8 2.0 1.4 0.3 1.4 36000.37 94.0% 92.3% 93.7% 23.92 0.0042 0.20
28 94.9 2.0 1.4 0.3 1.4 36210.06 94.1% 92.4% 93.7% 23.22 0.0042 0.20
29 94.7 2.0 1.5 0.3 1.4 41967.92 93.9% 92.2% 93.9% 22.99 0.0042 0.19
30 94.8 2.0 1.4 0.4 1.4 42176.63 94.1% 92.3% 93.9% 21.69 0.0042 0.18
31 94.6 2.0 1.5 0.4 1.4 42386.67 93.9% 92.3% 93.6% 22.56 0.0042 0.19
32 94.8 2.0 1.4 0.3 1.4 42596.48 94.0% 92.3% 93.8% 21.19 0.0042 0.18
33 94.9 2.0 1.5 0.2 1.4 42806.26 94.0% 92.3% 93.7% 21.08 0.0042 0.18
34 95.0 2.0 1.4 0.3 1.4 43015.34 94.3% 92.5% 94.0% 20.41 0.0042 0.17
35 94.8 2.0 1.4 0.4 1.4 43224.94 94.2% 92.4% 94.0% 20.40 0.0042 0.17
36 94.9 2.0 1.4 0.3 1.4 43435.11 94.2% 92.4% 93.6% 20.19 0.0042 0.17
37 94.9 2.0 1.4 0.3 1.4 43644.81 94.0% 92.4% 93.8% 19.51 0.0042 0.16
38 94.8 2.0 1.4 0.3 1.4 43854.12 94.0% 92.4% 93.8% 19.67 0.0042 0.17
39 94.8 2.0 1.4 0.4 1.4 44064.25 94.0% 92.3% 93.7% 19.60 0.0042 0.17
40 94.7 2.0 1.4 0.5 1.4 44274.18 94.1% 92.4% 93.6% 19.59 0.0042 0.17
41 94.9 2.0 1.4 0.3 1.4 44483.66 94.1% 92.4% 93.7% 18.91 0.0042 0.16
42 94.8 2.0 1.4 0.4 1.4 44693.59 94.2% 92.4% 93.9% 18.91 0.0042 0.16
43 94.9 2.0 1.4 0.3 1.4 44903.34 94.1% 92.4% 94.0% 18.13 0.0042 0.15
44 94.8 2.0 1.4 0.4 1.4 45112.98 94.1% 92.4% 93.9% 18.22 0.0042 0.15
94.9 2.0 1.4 0.3 1.4 45323.49 94.0% 92.3% 93.8% 17.41 0.0042 0.15
94.8 2.0 1.5 0.3 1.4 45533.14 93.8% 92.4% 93.8% 17.52 0.0042 0.15
94.9 2.0 1.4 0.3 1.4 45742.69 94.1% 92.4% 93.8% 17.49 0.0042 0.15
94.9 2.0 1.4 0.3 1.4 45952.48 94.0% 92.4% 93.7% 17.48 0.0042 0.15
94.7 2.0 1.4 0.4 1.4 46162.95 94.0% 92.4% 93.7% 18.25 0.0042 0.15



































































































CO2 Sorption Catalyst *CSMP C3022­5­12 Wt. CO2  extrudate, g 26.0 Reactor R1
Reforming Catalyst: 0.5% rhodium on Alumina) Engelhard Escat 326 Vol. CO2  extrudate, cc 32.5 S/C 3
Composition CO2  sorb CaO/MgO (55:45) Density CO2, g/cc 0.8 GHSV, hr­1 390
Binder 15%Al203 Wt. SMR Cat., g 4.5 Reforming, °C 600
Batch No. HCM178165E Vol. SMR Cat., cc 7.5 Calcination, °C 800
Extruded by RTC Density SMR, g/cc 0.6 Pressure, atm. 1.0
Oven Atmosphere Air Total Bed Wt., g 24.1
Calcined, C  750 C Total Bed Vol., ml 40.0
Cycle H2 CH4 CO N2 CO2 M WGS CC CF Cycle Time S gCO2 / gSorb
1 90.5 6.1 1.2 1.3 0.8 1468.23 94.8% 79.0% 96.3% 14.25 0.0036 0.05
2 91.4 5.4 1.2 1.1 0.8 1654.37 94.8% 81.0% 96.3% 26.86 0.0037 0.10
3 91.6 5.1 1.2 1.2 0.8 1838.11 94.9% 82.0% 96.4% 37.51 0.0038 0.14
4 92.3 4.5 1.2 1.2 0.8 2018.95 94.9% 83.9% 96.4% 38.90 0.0039 0.15
5 92.9 4.1 1.2 1.0 0.8 2198.85 94.8% 85.4% 96.3% 38.94 0.0039 0.15
6 93.3 3.5 1.2 1.0 0.8 2377.99 94.8% 87.1% 96.3% 37.48 0.0040 0.15
7 93.6 3.3 1.3 0.9 0.9 2558.03 94.6% 87.8% 96.1% 37.55 0.0040 0.15
8 93.9 3.1 1.3 0.8 0.9 2737.97 94.4% 88.7% 95.9% 35.99 0.0041 0.15
9 94.2 2.8 1.3 0.8 0.8 2916.38 94.5% 89.5% 96.3% 34.50 0.0041 0.14
10 93.8 2.9 1.3 1.0 0.9 3096.16 94.3% 89.1% 96.2% 34.28 0.0041 0.14
11 94.1 3.1 1.3 0.7 0.8 275.50 94.6% 88.6% 96.5% 34.30 0.0041 0.14
12 93.8 3.2 1.3 0.8 0.8 453.84 94.3% 88.1% 96.3% 31.20 0.0040 0.13
13 93.8 3.0 1.4 0.9 0.9 633.18 94.3% 89.0% 96.1% 31.58 0.0041 0.13
14 94.3 2.7 1.3 0.7 0.9 812.97 94.5% 89.7% 96.1% 28.70 0.0041 0.12
15 94.3 2.6 1.3 0.8 0.9 992.79 94.5% 90.1% 95.9% 28.76 0.0041 0.12
16 94.3 2.6 1.4 0.7 1.0 1172.74 94.3% 90.3% 95.7% 28.84 0.0041 0.12
17 94.4 2.4 1.3 0.9 1.0 1352.50 94.4% 90.9% 95.6% 28.97 0.0041 0.12
18 94.6 2.4 1.3 0.7 1.0 1532.16 94.5% 91.0% 95.7% 27.31 0.0042 0.11
19 94.3 2.4 1.3 1.0 1.0 1712.37 94.4% 90.8% 95.6% 28.93 0.0041 0.12
20 94.7 2.4 1.3 0.8 0.9 1891.27 94.7% 91.0% 95.9% 26.80 0.0042 0.11
21 93.8 3.0 1.4 1.0 0.9 2071.90 94.2% 88.9% 96.2% 27.14 0.0041 0.11
22 94.2 2.8 1.3 0.8 0.9 2251.46 94.4% 89.4% 96.2% 25.42 0.0041 0.10
23 94.2 2.7 1.4 0.7 1.0 2432.31 94.1% 89.9% 95.7% 25.38 0.0041 0.10
24 94.4 2.6 1.3 0.8 0.9 2611.14 94.5% 90.1% 96.0% 25.30 0.0041 0.10
25 94.3 2.6 1.4 0.7 1.0 2791.95 94.2% 90.2% 95.7% 25.34 0.0041 0.10
26 94.6 2.5 1.3 0.7 0.9 2971.24 94.7% 90.7% 96.0% 23.50 0.0042 0.10
27 94.7 2.4 1.3 0.7 0.9 3151.13 94.7% 91.0% 95.9% 23.00 0.0042 0.10
28 94.0 2.9 1.3 0.9 0.9 3330.67 94.5% 89.2% 96.2% 23.12 0.0041 0.09
29 93.7 2.9 1.4 1.0 0.9 3510.84 94.0% 89.0% 95.9% 25.53 0.0041 0.10
30 93.9 2.9 1.4 0.8 0.9 3691.24 94.0% 89.1% 95.9% 23.43 0.0041 0.10
31 94.1 2.8 1.3 0.8 0.9 3870.60 94.3% 89.4% 96.0% 23.46 0.0041 0.10
32 94.0 2.7 1.3 1.1 0.9 4049.95 94.6% 89.7% 96.2% 23.50 0.0041 0.10
33 94.0 2.7 1.3 1.1 0.9 4229.51 94.6% 89.8% 96.1% 23.46 0.0041 0.10
34 94.2 2.8 1.5 0.9 0.7 160.58 93.8% 89.5% 97.0% 24.69 0.0041 0.10
35 94.0 2.8 1.4 1.1 0.7 339.14 94.3% 89.5% 97.0% 24.80 0.0041 0.10
36 94.4 2.8 1.3 0.8 0.7 519.75 94.4% 89.7% 96.9% 22.95 0.0041 0.10
37 94.3 2.8 1.3 0.8 0.7 699.56 94.4% 89.6% 96.8% 22.93 0.0041 0.09
38 94.4 2.7 1.3 1.0 0.7 879.07 94.7% 90.0% 96.9% 22.86 0.0042 0.10
39 94.4 2.6 1.3 0.9 0.7 1058.89 94.6% 90.1% 96.8% 22.97 0.0042 0.10
40 94.0 2.7 1.4 1.1 0.8 1239.54 94.2% 89.9% 96.6% 24.62 0.0041 0.10
41 94.7 2.5 1.2 0.7 0.7 1418.85 94.8% 90.4% 96.7% 21.63 0.0042 0.09
42 94.4 2.7 1.4 0.7 0.8 1600.06 94.3% 90.0% 96.4% 22.44 0.0041 0.09
43 94.4 2.5 1.2 1.1 0.8 1778.78 94.8% 90.6% 96.6% 22.55 0.0042 0.09
44 94.3 2.5 1.2 1.2 0.8 1958.67 94.8% 90.7% 96.6% 23.39 0.0042 0.10
45 94.2 2.7 1.4 0.9 0.9 2139.95 94.1% 90.0% 96.2% 23.44 0.0041 0.10
46 94.1 2.7 1.3 1.0 0.8 2319.13 94.4% 89.9% 96.4% 23.49 0.0041 0.10
47 93.0 3.7 1.5 1.0 0.8 2499.40 93.7% 86.6% 96.5% 21.27 0.0040 0.08


























































































































Composition CO2  sorb CaO (100) CaO/MgO (80/20) CaO/Al2O3 (95/5) CaO/Al2O3 (90/10) CaO/Al2O3 (90/10) *CaO/Al203 (95/5)
Binder 15%Al203 15%Al203 15%Al203 10%Al203 15%Al203 15%Al203
Batch No. Not Available  HCM178177E + HCM178178A PCB953401A­1 PCB954103A­1 PCB954103A­1 PCB952502A­2
Extruded by CSMP CSMP CSMP CSMP CSMP CSMP
Oven Atmosphere Air Air Air Air Air Air
Calcined, °C 750 750 750 750 750 750
Wt. CO2  extrudate, g 26.16 24.23 24.91 19.63 19.99 24.98
Vol. CO2  extrudate, cc 32.5 32.5 32.5 32.5 32.5 32.5
Density CO2, g/cc 0.8 0.7 0.8 0.6 0.6 0.8
Wt. SMR Cat., g 4.5 4.5 4.5 4.5 4.5 4.5
Vol. SMR Cat., cc 7.5 7.5 7.5 7.5 7.5 7.5
Density SMR, g/cc 0.6 0.6 0.6 0.6 0.6 0.6
Total Bed Wt., g 30.66 28.73 29.41 24.13 24.49 29.48
Total Bed Vol., ml 40.0 40.0 40.0 40.0 40.0 40.0
Reactor R1 R1 R2 R2 R2 R1
S/C 3 3 3 3 3 3
GHSV, hr­1 390 390 390 390 390 390
Reforming, °C 600 600 600 600 600 600
Calcination, °C 800 800 800 800 800 800
Pressure, atm. 1 1 1 1 1 1
Date loaded 2/24/2005 5/9/2005 2/24/2005 1/10/2005 1/24/2005 3/28/2005
Date unloaded 3/3/2005 5/19/2005 3/2/2005 1/14/2005 1/28/2005 4/11/2005
Sample Extrudate Extrudate Extrudate Extrudate Extrudate Extrudate
           



















Composition CO2  sorb *CaO/Al203 (90/10) *CaO/Al203 (90/10) *CaO/Al203 (90/10) *CaO/Al203 (90/10) *CaO/Al203 (90/10) CaO/Al203 (90/10)
Binder 15%Al203 15%Al203 15%Al203 15%Al203 15%Al203 15%Al203
Batch No. ECM255032 + ECM255033 ECM255032 + ECM255033 PCB954103A­1(HCB198078B +  PCB954103A­1(HCB198078B +  PCB954103A­1(HCB198078B +  PCB954103A­1(HCB198078B + 
Extruded by CSMP CSMP CSMP CSMP CSMP CSMP
Oven Atmosphere Air Air Air Air Air Air
Calcined, °C 750 750 300 500 750 800
Wt. CO2  extrudate, g 27 30 32.16 31.85 27.96 24.82
Vol. CO2  extrudate, cc 32.5 32.5 32.5 32.5 32.5 32.5
Density CO2, g/cc 0.8 0.9 1.0 1.0 0.9 0.8
Wt. SMR Cat., g 4.5 4.5 4.5 4.5 4.5 4.5
Vol. SMR Cat., cc 7.5 7.5 7.5 7.5 7.5 7.5
Density SMR, g/cc 0.6 0.6 0.6 0.6 0.6 0.6
Total Bed Wt., g 31.5 34.5 36.66 36.35 32.46 29.32
Total Bed Vol., ml 40.0 40.0 40.0 40.0 40.0 40.0
Reactor R1 R2 R1 R2 R1 R1
S/C 3 3 3 3 3 3
GHSV, hr­1 390 390 390 390 390 390
Reforming, °C 600 600 600 600 600 600
Calcination, °C 800 800 800 800 800 800
Pressure, atm. 1 1 1 1 1 1
Date loaded 4/26/2005 5/9/2005 5/19/2005 6/8/2005 6/21/2005 7/5/2005
Date unloaded 5/8/2005 5/22/2005 5/29/2005 6/15/2005 Heater Failed 7/15/2005
Sample Extrudate Extrudate Extrudate Extrudate Extrudate Extrudate
           

















Composition CO2  sorb CaO/Al203 (90/10) CaO/Al203 (90/10) CaO/Al203 (90/10) CaO/Al2O3 (90/10) CaO/Al2O3 (90/10) CaO/Al2O3 (90/10)
Binder 15%Al203 15%Al203 15%Al203 15%Al203 15%Al203 15%Al203
Batch No. PCB290040C (HCB203020A) Not Available ECM259007­009 HCB326030B HCB326030B HCB203032A (030A+031A)
Extruded by CSMP CSMP CSMP CSMP CSMP CSMP
Oven Atmosphere N2 N2 Air Air Air N2
Calcined, °C 750 750 750 750 750 800
Wt. CO2  extrudate, g 27.73 26.13 26.57 24.75 24.72 23.04
Vol. CO2  extrudate, cc 32.5 32.5 32.5 32.5 32.5 32.5
Density CO2, g/cc 0.9 0.8 0.8 0.8 0.8 0.7
Wt. SMR Cat., g 4.5 4.5 4.5 4.5 4.5 4.5
Vol. SMR Cat., cc 7.5 7.5 7.5 7.5 7.5 7.5
Density SMR, g/cc 0.6 0.6 0.6 0.6 0.6 0.6
Total Bed Wt., g 32.23 30.63 31.07 29.25 29.22 27.54
Total Bed Vol., ml 40.0 40.0 40.0 40.0 40.0 40.0
Reactor R1 R2 R2 R1 R2 R1
S/C 3 3 3 3 3 3
GHSV, hr­1 390 390 390 390 390 390
Reforming, °C 600 600 600 600 600 600
Calcination, °C 800 800 800 800 800 800
Pressure, atm. 1 1 1 1 1 1
Date loaded 6/8/2005 6/21/2005 7/5/2005 8/4/2005 8/4/2005 12/2/2005
Date unloaded 6/20/2005 6/30/2005 7/15/2005 8/22/2005 8/22/2005 12/12/2005
Sample Extrudate Extrudate Extrudate Extrudate Extrudate Extrudate
           










CO2  Sorption Catalyst ECM 255003 Wt. CO2  extrudate, g 26.16 Reactor R1
Reforming Catalyst: 0.5% rhodium on Alumina) Engelhard Escat 326 Vol. CO2  extrudate, cc 32.5 S/C 3
Composition CO2  sorb CaO (100) Density CO2, g/cc 0.8 GHSV, hr­1 390
Binder 15%Al203 Wt. SMR Cat., g 4.5 Reforming, °C 600
Batch No. Not Available Vol. SMR Cat., cc 7.5 Calcination, °C 800
Extruded by CSMP Density SMR, g/cc 0.6 Pressure, atm. 1
Oven Atmosphere Air Total Bed Wt., g 30.66
Calcined, C 750 Total Bed Vol., ml 40.0
(Wt. Adjusted)
Cycle H2 CH4 CO N2 CO2 M WGS CC CF
Avg. Cycle 
Time S gCO2 / gSorb




5 92.3 6.0 0.7 0.3 0.8 949.71 97.2% 79.7% 96.7% 27.31 0.0037 0.20
6 92.4 5.8 0.7 0.2 0.8 1132.46 96.8% 80.2% 96.6% 29.48 0.0037 0.22
7 92.6 5.5 0.9 0.2 0.8 1312.94 96.2% 81.2% 96.4% 29.41 0.0037 0.22
8 92.6 5.2 1.0 0.3 0.9 1492.32 95.6% 82.1% 96.2% 29.18 0.0037 0.22
9 92.7 4.9 1.1 0.3 0.9 1671.74 95.1% 82.7% 96.0% 28.57 0.0037 0.21
10 93.5 3.9 1.3 0.3 1.0 1889.58 94.4% 85.8% 95.8% 29.12 0.0038 0.22
11 93.0 4.4 1.3 0.2 1.0 2066.62 94.4% 84.4% 95.6% 26.53 0.0037 0.20
12 93.1 4.4 1.3 0.3 1.0 2243.97 94.5% 84.5% 95.7% 23.55 0.0037 0.18
13 93.2 4.3 1.3 0.2 1.0 2422.06 94.4% 84.7% 95.7% 21.41 0.0037 0.16
14 93.3 4.4 1.2 0.2 1.0 2600.39 94.9% 84.5% 95.8% 19.33 0.0038 0.15
15 93.1 4.3 1.3 0.3 1.0 2780.32 94.5% 84.7% 95.6% 20.51 0.0037 0.15
16 93.3 4.1 1.3 0.3 1.0 2959.09 94.3% 85.4% 95.7% 18.38 0.0038 0.14
17 93.5 4.0 1.3 0.3 1.0 3137.86 94.6% 85.7% 95.7% 17.66 0.0038 0.13
18 93.3 4.0 1.4 0.4 1.0 3318.06 94.2% 85.7% 95.7% 17.69 0.0038 0.13






25 94.1 3.3 1.1 0.7 0.8 5897.01 95.3% 88.0% 96.5% 16.88 0.0040 0.13
26 93.6 3.8 1.3 0.4 0.9 6080.71 94.6% 86.2% 96.1% 20.41 0.0038 0.16
27 93.6 3.9 1.3 0.3 0.9 6259.70 94.6% 85.8% 95.9% 19.20 0.0038 0.15
28 93.5 3.9 1.3 0.3 0.9 6439.14 94.4% 85.8% 95.9% 18.37 0.0038 0.14
29 93.5 3.9 1.3 0.4 0.9 6617.87 94.5% 86.1% 95.9% 18.36 0.0038 0.14
30 93.6 3.8 1.3 0.3 1.0 6797.80 94.3% 86.1% 95.8% 16.78 0.0038 0.13
31 93.6 3.7 1.3 0.4 0.9 6976.26 94.5% 86.6% 95.9% 16.86 0.0038 0.13
32 93.6 3.7 1.3 0.4 0.9 7156.03 94.4% 86.5% 95.9% 15.43 0.0038 0.12
33 93.6 3.7 1.4 0.3 1.0 7336.29 94.1% 86.5% 95.7% 16.05 0.0038 0.12
34 93.5 3.7 1.4 0.4 1.0 7515.75 94.1% 86.6% 95.6% 15.36 0.0038 0.12
35 93.4 3.7 1.4 0.5 1.0 7695.23 93.9% 86.6% 95.6% 15.45 0.0038 0.12
36 93.5 3.7 1.4 0.5 1.0 7874.68 94.2% 86.7% 95.7% 14.75 0.0038 0.11
37 93.6 3.7 1.4 0.3 1.0 8054.96 94.1% 86.6% 95.5% 14.78 0.0038 0.11
38 94.6 1.7 1.4 0.7 1.6 8231.74 94.2% 93.5% 93.0% 12.52 0.0040 0.10
39 95.6 0.9 1.1 0.6 1.8 8405.42 95.4% 96.5% 91.9% 5.91 0.0041 0.05
40 94.5 3.8 0.5 0.5 0.6 8599.41 97.7% 86.2% 97.5% 15.42 0.0040 0.12
41 94.4 3.0 1.2 0.5 1.0 8832.53 95.0% 88.9% 95.8% 23.36 0.0040 0.18
42 94.2 3.2 1.2 0.4 1.0 9011.69 94.8% 88.2% 95.6% 22.69 0.0039 0.18
43 94.0 3.4 1.3 0.3 1.0 9192.57 94.4% 87.7% 95.4% 22.00 0.0039 0.17
44 93.7 3.4 1.4 0.4 1.1 9371.92 94.1% 87.4% 95.3% 22.71 0.0038 0.17
45 93.9 3.3 1.4 0.4 1.0 9550.59 94.2% 88.0% 95.4% 21.23 0.0039 0.16
46 93.8 3.3 1.4 0.4 1.1 9730.71 94.0% 87.7% 95.2% 21.23 0.0038 0.16











































































































CO2  Sorption Catalyst ECM 255008 Wt. CO2  extrudate, g 24.23 Reactor R1
Reforming Catalyst: 0.5% rhodium on Alumina) Engelhard Escat 326 Vol. CO2  extrudate, cc 32.5 S/C 3
Composition CO2  sorb CaO/MgO (80/20) Density CO2, g/cc 0.7 GHSV, hr­1 390
Binder 15%Al203 Wt. SMR Cat., g 4.5 Reforming, °C 600
Batch No.  HCM178177E + HCM178178A Vol. SMR Cat., cc 7.5 Calcination, °C 800
Extruded by CSMP Density SMR, g/cc 0.6 Pressure, atm. 1
Oven Atmosphere Air Total Bed Wt., g 28.73
Calcined, C 750 Total Bed Vol., ml 40.0
(Wt. Adjusted)
Cycle H2 CH4 CO N2 CO2 M WGS CC CF
Avg. Cycle 
Time S gCO2 / gSorb
1 95.2 2.8 0.9 0.5 0.6 557.68 96.3% 89.8% 97.6% 25.17 0.0045 0.29
2 94.5 3.1 1.0 0.6 0.7 736.09 95.6% 88.7% 97.0% 23.47 0.0043 0.27
3 94.4 3.3 1.0 0.6 0.7 914.59 95.6% 87.9% 97.1% 21.92 0.0043 0.25
4 94.2 3.3 1.1 0.7 0.7 1093.38 95.3% 88.0% 97.0% 20.39 0.0043 0.23
5 94.1 3.4 1.1 0.7 0.7 1272.31 95.3% 87.5% 97.1% 20.16 0.0043 0.22
6 94.0 3.3 1.2 0.7 0.7 1451.70 95.0% 87.9% 96.8% 18.68 0.0043 0.21
7 93.9 3.5 1.1 0.8 0.7 1630.34 95.3% 87.2% 97.1% 17.99 0.0043 0.20
8 93.3 3.9 1.3 0.8 0.7 1810.77 94.7% 86.0% 96.8% 17.51 0.0042 0.19
9 93.8 3.6 1.2 0.8 0.7 1989.43 95.1% 87.0% 97.0% 16.97 0.0042 0.19
10 94.1 3.2 1.1 0.8 0.7 2168.13 95.2% 88.2% 96.8% 15.36 0.0043 0.17
11 93.3 3.9 1.2 0.9 0.7 2348.10 94.9% 85.8% 97.0% 15.79 0.0042 0.17
12 93.6 3.5 1.2 0.9 0.8 2527.97 94.8% 87.2% 96.7% 15.21 0.0042 0.17
13 93.2 4.0 1.2 0.9 0.7 2707.39 94.8% 85.7% 96.9% 15.32 0.0042 0.17
14 93.9 3.4 1.1 0.9 0.7 2886.01 95.5% 87.5% 96.9% 13.61 0.0043 0.15
15 93.6 3.7 1.2 0.9 0.7 3066.52 95.1% 86.6% 97.1% 13.67 0.0042 0.15
16 93.5 3.7 1.1 1.0 0.7 3245.66 95.2% 86.6% 96.9% 13.58 0.0042 0.15
17 93.7 3.5 1.1 0.9 0.7 3425.90 95.2% 87.2% 97.0% 12.66 0.0042 0.14
18 93.5 3.5 1.3 0.9 0.8 3607.59 94.4% 87.1% 96.6% 14.82 0.0042 0.16
19 93.2 3.8 1.2 1.1 0.7 3785.97 94.8% 86.2% 96.9% 13.78 0.0042 0.15
20 93.0 3.8 1.4 0.9 0.8 3967.27 94.2% 86.1% 96.5% 14.71 0.0041 0.16
21 93.1 3.9 1.2 1.0 0.7 4145.73 94.7% 85.7% 96.9% 13.09 0.0041 0.14
22 93.0 4.1 1.2 1.0 0.7 4324.80 94.7% 85.3% 97.0% 12.39 0.0041 0.13
23 93.6 3.6 1.2 0.9 0.7 4505.16 95.0% 86.8% 97.0% 12.03 0.0042 0.13
24 93.5 3.6 1.2 1.0 0.7 4684.53 95.0% 86.7% 96.8% 12.49 0.0042 0.14
25 93.5 3.7 1.2 0.9 0.7 4865.54 94.8% 86.6% 97.1% 12.42 0.0042 0.14
26 93.3 3.8 1.2 1.0 0.7 5044.65 94.9% 86.1% 97.1% 12.29 0.0042 0.13
27 93.3 3.8 1.2 1.1 0.7 5224.77 95.0% 86.3% 97.2% 12.40 0.0042 0.14
28 93.3 3.8 1.2 0.9 0.7 5404.36 94.8% 86.1% 97.0% 11.81 0.0042 0.13
29 93.6 3.6 1.1 1.0 0.7 5583.96 95.2% 86.9% 97.1% 11.19 0.0042 0.12
30 92.7 4.1 1.3 1.1 0.7 5764.62 94.4% 85.1% 96.9% 12.82 0.0041 0.14
31 92.4 4.5 1.3 1.2 0.7 5943.97 94.3% 84.1% 97.0% 11.58 0.0041 0.12
32 93.3 3.7 1.2 1.0 0.7 6124.28 94.7% 86.4% 96.9% 11.27 0.0042 0.12
33 92.4 4.4 1.4 1.1 0.7 6304.35 94.0% 84.2% 96.9% 11.40 0.0040 0.12
34 93.3 3.7 1.2 1.0 0.7 6483.77 94.7% 86.6% 96.9% 10.86 0.0042 0.12
35 93.0 4.0 1.3 1.0 0.7 6663.67 94.4% 85.5% 96.9% 10.86 0.0041 0.12
36 93.2 3.8 1.3 1.1 0.7 6843.49 94.7% 86.2% 96.9% 10.89 0.0042 0.12
37 93.3 3.8 1.3 1.0 0.7 7023.44 94.6% 86.3% 96.9% 10.84 0.0042 0.12
38 93.1 3.8 1.3 1.1 0.7 7203.42 94.5% 86.1% 96.9% 10.87 0.0042 0.12
39 92.8 4.2 1.3 1.0 0.7 7383.18 94.3% 85.0% 97.0% 10.77 0.0041 0.12
40 93.2 3.8 1.2 1.1 0.7 7562.70 94.8% 86.3% 96.9% 10.26 0.0042 0.11
41 92.5 4.4 1.3 1.1 0.7 7742.83 94.4% 84.3% 97.0% 10.30 0.0041 0.11
42 92.4 4.5 1.4 1.1 0.7 7923.01 94.1% 84.1% 96.9% 9.78 0.0040 0.10
43 92.0 4.6 1.4 1.2 0.7 8103.68 93.8% 83.5% 96.9% 10.21 0.0040 0.11
44 91.7 5.1 1.4 1.1 0.7 8283.16 93.8% 82.2% 97.0% 9.67 0.0039 0.10
45 93.2 3.8 1.3 1.0 0.7 8462.93 94.5% 86.3% 96.8% 9.80 0.0042 0.11
46 93.2 3.8 1.3 1.0 0.7 8642.75 94.5% 86.3% 96.8% 9.72 0.0042 0.11
47 93.3 3.7 1.3 1.0 0.7 8822.49 94.7% 86.6% 96.9% 9.25 0.0042 0.10
48 93.4 3.7 1.3 0.9 0.7 9002.28 94.7% 86.6% 96.9% 9.29 0.0042 0.10
49 93.0 3.7 1.3 1.2 0.7 9182.45 94.4% 86.3% 96.8% 9.74 0.0042 0.11
50 93.2 3.7 1.3 1.0 0.7 9362.03 94.6% 86.4% 96.8% 9.25 0.0042 0.10
51 92.8 4.0 1.4 1.1 0.7 9542.64 94.1% 85.5% 96.8% 9.71 0.0041 0.10
52 93.2 3.8 1.3 1.0 0.7 9721.66 94.6% 86.3% 96.8% 9.17 0.0042 0.10
53 92.4 4.3 1.4 1.1 0.7 9902.52 93.8% 84.6% 96.7% 9.39 0.0040 0.10
54 92.9 4.0 1.3 1.0 0.7 10082.22 94.4% 85.5% 96.8% 9.23 0.0041 0.10
55 93.1 3.8 1.3 1.1 0.7 10261.85 94.4% 86.2% 97.1% 9.24 0.0042 0.10
56 93.0 3.8 1.4 1.1 0.7 10442.63 94.0% 86.1% 96.9% 9.24 0.0041 0.10
57 93.0 3.7 1.3 1.3 0.7 10621.35 94.5% 86.4% 97.0% 9.19 0.0042 0.10
58 92.6 4.2 1.4 1.1 0.7 10802.68 94.0% 84.9% 97.0% 8.61 0.0041 0.09
59 93.2 3.8 1.3 1.1 0.7 10981.45 94.6% 86.2% 97.0% 8.70 0.0042 0.09
60 93.1 3.8 1.4 1.0 0.7 11162.21 94.2% 86.2% 96.9% 8.65 0.0041 0.09
61 93.1 3.8 1.3 1.0 0.7 11341.25 94.4% 86.0% 96.9% 8.63 0.0041 0.09
62 92.9 3.7 1.3 1.3 0.7 11521.08 94.4% 86.4% 96.9% 8.64 0.0042 0.09
63 93.2 3.7 1.3 1.0 0.7 11701.11 94.5% 86.4% 96.8% 8.14 0.0042 0.09
64 92.9 3.8 1.4 1.1 0.7 11881.68 94.0% 86.1% 96.7% 8.73 0.0041 0.09
65 93.1 3.8 1.3 1.0 0.7 12061.01 94.3% 86.2% 96.8% 8.21 0.0041 0.09
66 93.1 3.7 1.3 1.1 0.7 12240.98 94.4% 86.5% 96.8% 8.10 0.0042 0.09
67 92.9 3.7 1.3 1.3 0.7 12420.96 94.4% 86.4% 96.8% 8.12 0.0042 0.09
68 92.9 3.8 1.4 1.2 0.7 12601.08 94.1% 86.2% 96.7% 8.62 0.0041 0.09
69 92.9 3.8 1.4 1.1 0.7 12781.40 94.1% 86.1% 96.7% 8.12 0.0041 0.09
70 92.9 3.8 1.4 1.1 0.7 12960.95 94.2% 86.2% 96.7% 8.16 0.0041 0.09
71 92.9 3.9 1.4 1.1 0.7 13141.08 94.2% 86.0% 96.8% 7.55 0.0041 0.08
72 92.8 3.8 1.4 1.2 0.7 13320.66 94.2% 86.1% 96.8% 8.22 0.0041 0.09
73 92.9 3.8 1.4 1.1 0.7 13501.38 94.0% 86.2% 96.7% 8.10 0.0041 0.09
74 93.0 3.7 1.3 1.3 0.7 13680.32 94.5% 86.5% 96.8% 8.11 0.0042 0.09
75 93.1 3.7 1.3 1.1 0.7 13860.91 94.4% 86.4% 96.8% 7.64 0.0042 0.08
76 93.0 3.7 1.3 1.2 0.7 14040.41 94.4% 86.4% 96.8% 8.14 0.0042 0.09






































































































CO2 Sorption Catalyst ECM 255019 Wt. CO2  extrudate, g 24.91 Reactor R2
Reforming Catalyst: 0.5% rhodium on Alumina) Engelhard Escat 326 Vol. CO2  extrudate, cc 32.5 S/C 3
Composition CO2  sorb CaO/Al2O3 (95/5) Density CO2, g/cc 0.8 GHSV, hr­1 390
Binder 15%Al203 Wt. SMR Cat., g 4.5 Reforming, °C 600
Batch No. PCB953401A­1 Vol. SMR Cat., cc 7.5 Calcination, °C 800
Extruded by CSMP Density SMR, g/cc 0.6 Pressure, atm. 1
Oven Atmosphere Air Total Bed Wt., g 29.41
Calcined, C 750 Total Bed Vol., ml 40.0
(Wt. Adjusted)
Cycle H2 CH4 CO N2 CO2 M WGS CC CF
Avg. Cycle 
Time S gCO2 / gSorb
1 94.1 2.4 1.8 0.2 1.4 233.13 92.4% 91.0% 93.4% 29.47 0.0040 0.25
2 93.7 2.5 2.0 0.1 1.6 411.22 91.4% 90.4% 92.8% 27.23 0.0039 0.22
3 93.6 2.5 2.1 0.2 1.6 588.20 91.2% 90.6% 92.6% 24.24 0.0039 0.20
4 93.4 2.5 2.2 0.2 1.6 766.77 91.0% 90.4% 92.4% 23.53 0.0039 0.19
5 93.6 2.5 2.1 0.2 1.6 945.32 91.3% 90.5% 92.5% 21.48 0.0039 0.18
6 93.6 2.5 2.1 0.2 1.6 1123.67 91.3% 90.7% 92.5% 20.68 0.0039 0.17
7 93.5 2.5 2.1 0.2 1.6 1303.40 91.2% 90.6% 92.4% 19.87 0.0039 0.16
8 93.6 2.5 2.1 0.3 1.6 1482.15 91.3% 90.7% 92.5% 19.00 0.0039 0.15
9 93.6 2.4 2.1 0.3 1.6 1661.53 91.3% 90.8% 92.5% 18.35 0.0039 0.15
10 93.5 2.4 2.2 0.4 1.5 1879.14 91.0% 90.9% 92.9% 18.67 0.0039 0.15
11 93.6 2.4 2.1 0.4 1.5 2057.81 91.2% 90.9% 93.1% 17.72 0.0040 0.15
12 93.5 2.4 2.2 0.3 1.6 2238.12 90.8% 90.8% 92.7% 17.69 0.0039 0.14
13 93.7 2.4 2.1 0.2 1.5 2417.67 91.1% 90.8% 92.8% 16.90 0.0039 0.14
14 93.6 2.4 2.2 0.2 1.6 2597.45 91.0% 90.8% 92.7% 16.38 0.0039 0.13
15 93.4 2.5 2.2 0.3 1.6 2776.70 90.7% 90.7% 92.5% 16.77 0.0039 0.14
16 93.0 2.8 2.3 0.3 1.6 2956.16 90.4% 89.6% 92.4% 15.43 0.0038 0.12
17 93.2 2.5 2.3 0.3 1.6 3135.68 90.5% 90.7% 92.6% 15.46 0.0039 0.12
18 93.3 2.5 2.3 0.3 1.6 3315.89 90.4% 90.7% 92.4% 15.50 0.0039 0.13
19 93.2 2.5 2.3 0.4 1.6 3495.79 90.5% 90.6% 92.4% 15.37 0.0039 0.12
20 93.3 2.5 2.3 0.3 1.6 3675.53 90.3% 90.6% 92.4% 14.82 0.0039 0.12
21 93.4 2.4 2.2 0.3 1.6 3854.80 90.7% 90.8% 92.6% 14.13 0.0039 0.11
22 93.2 2.5 2.4 0.3 1.7 4035.28 90.1% 90.5% 92.1% 14.00 0.0039 0.11
23 93.3 2.5 2.2 0.4 1.6 4214.35 90.8% 90.6% 92.4% 13.90 0.0039 0.11
24 93.1 2.4 2.3 0.5 1.7 4393.84 90.3% 90.9% 92.2% 13.88 0.0039 0.11
25 93.2 2.4 2.3 0.5 1.6 4573.70 90.6% 90.8% 92.4% 13.21 0.0039 0.11
26 93.0 2.4 2.3 0.6 1.7 4753.64 90.5% 90.8% 91.9% 13.94 0.0039 0.11
27 93.3 2.4 2.2 0.4 1.7 4933.66 90.6% 90.9% 92.1% 13.26 0.0039 0.11
28 93.3 2.4 2.2 0.3 1.7 5113.57 90.7% 90.8% 92.2% 12.44 0.0039 0.10
29 93.3 2.4 2.2 0.4 1.7 5292.59 90.8% 91.0% 92.3% 12.36 0.0039 0.10
30 93.3 2.4 2.3 0.4 1.7 5472.93 90.5% 91.0% 92.1% 12.47 0.0039 0.10
31 93.4 2.4 2.2 0.3 1.7 5652.80 90.6% 90.8% 92.2% 11.78 0.0039 0.10
32 93.3 2.5 2.3 0.5 1.5 5879.42 90.5% 90.6% 93.1% 12.55 0.0039 0.10
33 92.9 2.7 2.4 0.5 1.5 6059.53 90.0% 89.7% 92.8% 12.52 0.0038 0.10
34 93.3 2.5 2.3 0.4 1.5 6239.02 90.6% 90.6% 92.9% 11.94 0.0039 0.10
35 93.2 2.5 2.3 0.4 1.6 6419.29 90.3% 90.5% 92.5% 11.89 0.0039 0.10
36 93.1 2.6 2.2 0.6 1.5 6598.00 90.7% 90.2% 93.0% 11.81 0.0039 0.10
37 93.2 2.7 2.2 0.3 1.5 6778.86 90.6% 89.8% 92.9% 11.04 0.0039 0.09
38 93.3 2.6 2.3 0.2 1.6 6958.62 90.4% 90.2% 92.6% 11.10 0.0039 0.09
39 93.1 2.6 2.4 0.3 1.6 7138.45 90.0% 90.3% 92.6% 11.04 0.0039 0.09
40 93.1 2.7 2.3 0.3 1.5 7318.02 90.5% 89.8% 92.9% 10.99 0.0039 0.09
41 93.3 2.5 2.2 0.4 1.6 7497.46 90.8% 90.7% 92.8% 10.33 0.0039 0.08
42 93.0 2.5 2.4 0.4 1.6 7678.32 90.1% 90.4% 92.4% 10.32 0.0039 0.08
43 93.1 2.5 2.3 0.5 1.6 7857.73 90.4% 90.5% 92.4% 11.16 0.0039 0.09
44 93.4 2.4 2.1 0.5 1.6 8037.28 91.2% 90.8% 92.8% 10.37 0.0039 0.08
45 93.1 2.5 2.4 0.4 1.6 8217.78 90.1% 90.6% 92.3% 10.39 0.0039 0.08
46 93.2 2.5 2.2 0.4 1.6 8397.36 90.8% 90.6% 92.5% 9.62 0.0039 0.08
47 93.4 2.4 2.1 0.5 1.6 8576.66 91.0% 90.9% 92.6% 10.31 0.0039 0.08
48 93.3 2.4 2.2 0.4 1.6 8819.49 90.6% 90.8% 92.4% 10.30 0.0039 0.08
49 93.1 2.4 2.3 0.5 1.6 8999.30 90.2% 90.8% 92.3% 10.29 0.0039 0.08
50 93.4 2.4 2.2 0.4 1.6 9178.67 90.9% 90.9% 92.5% 9.63 0.0039 0.08
51 93.2 2.4 2.3 0.5 1.6 9358.75 90.5% 90.9% 92.5% 9.52 0.0039 0.08
52 93.3 2.4 2.3 0.4 1.6 9538.90 90.6% 90.8% 92.3% 9.53 0.0039 0.08
53 93.5 2.3 2.2 0.4 1.6 9718.31 90.9% 91.1% 92.7% 8.72 0.0039 0.07










































































































CO2 Sorption Catalyst ECM 255021 Wt. CO2  extrudate, g 19.63 Reactor R2
Reforming Catalyst: 0.5% rhodium on Alumina) Engelhard Escat 326 Vol. CO2  extrudate, cc 32.5 S/C 3
Composition CO2  sorb CaO/Al2O3 (90/10) Density CO2, g/cc 0.6 GHSV, hr­1 390
Binder 10%Al203 Wt. SMR Cat., g 4.5 Reforming, °C 600
Batch No. PCB954103A­1 Vol. SMR Cat., cc 7.5 Calcination, °C 800
Extruded by CSMP Density SMR, g/cc 0.6 Pressure, atm. 1
Oven Atmosphere Air Total Bed Wt., g 24.13
Calcined, C 750 Total Bed Vol., ml 40.0
(Wt. Adjusted)
Cycle H2 CH4 CO N2 CO2 M WGS CC CF
Avg. Cycle 
Time S gCO2 / gSorb
1 91.6 5.5 1.5 0.3 1.0 211.05 93.4% 81.1% 95.6% 25.52 0.0047 0.31
2 91.2 5.7 1.6 0.4 1.1 387.40 93.2% 80.4% 95.2% 21.53 0.0046 0.26
3 91.7 5.1 1.7 0.3 1.2 567.38 92.9% 82.0% 94.6% 20.86 0.0047 0.24
4 92.1 4.7 1.6 0.3 1.2 744.12 93.2% 83.2% 94.5% 18.51 0.0048 0.22
5 91.3 5.6 1.7 0.3 1.2 920.53 92.9% 80.7% 94.6% 13.81 0.0046 0.16
6 92.1 4.8 1.6 0.3 1.2 1098.93 93.1% 83.2% 94.6% 12.80 0.0048 0.17
7 90.6 6.0 1.8 0.4 1.2 1277.80 92.2% 79.5% 94.5% 9.71 0.0045 0.12
8 90.6 5.9 1.8 0.4 1.2 1455.57 92.1% 79.7% 94.5% 7.66 0.0045 0.10
9 91.8 4.9 1.7 0.3 1.3 1639.56 92.8% 82.7% 94.2% 11.68 0.0047 0.14
10 92.3 4.3 1.7 0.4 1.3 1818.40 92.8% 84.4% 94.4% 12.60 0.0048 0.15
11 92.0 4.4 1.8 0.6 1.3 2015.30 92.5% 84.3% 94.1% 12.05 0.0048 0.16
12 91.7 4.7 1.8 0.4 1.3 2179.54 92.3% 83.2% 93.9% 13.28 0.0047 0.15
13 91.2 5.2 1.9 0.4 1.3 2356.88 92.0% 81.6% 94.1% 10.46 0.0046 0.14
14 91.9 4.5 1.8 0.5 1.3 2547.60 92.4% 83.8% 94.2% 10.42 0.0047 0.13
15 90.5 5.8 1.9 0.4 1.3 2715.71 91.8% 79.9% 94.1% 8.20 0.0045 0.12
16 92.4 4.1 1.7 0.4 1.3 2898.18 92.6% 85.1% 94.0% 11.01 0.0048 0.14
17 91.4 4.9 1.8 0.6 1.3 3076.03 92.1% 82.7% 94.0% 10.58 0.0047 0.11
18 92.4 4.1 1.8 0.4 1.4 3257.99 92.5% 85.2% 93.8% 10.95 0.0048 0.11
19 92.4 4.0 1.7 0.6 1.4 3437.02 92.8% 85.6% 93.9% 11.70 0.0049 0.12
20 90.9 5.2 2.0 0.5 1.4 4157.69 91.4% 81.8% 93.7% 10.46 0.0046 0.12
21 91.5 4.8 1.9 0.5 1.3 3797.10 92.0% 82.9% 94.1% 9.52 0.0047 0.11
22 92.1 4.2 1.8 0.6 1.3 3976.08 92.5% 84.8% 94.1% 10.29 0.0048 0.12
23 90.9 5.2 2.0 0.5 1.4 4157.69 91.4% 81.8% 93.7% 10.46 0.0046 0.12
24 92.2 4.2 1.7 0.5 1.3 4336.12 92.7% 84.8% 94.1% 10.25 0.0048 0.12
25 92.8 3.6 1.7 0.7 1.3 4516.17 92.9% 86.9% 94.2% 10.29 0.0049 0.13
26 92.0 4.6 1.7 0.4 1.3 4696.78 92.6% 83.7% 94.1% 10.46 0.0047 0.12
27 91.0 5.4 1.9 0.5 1.2 4875.18 91.9% 81.1% 94.4% 8.28 0.0046 0.10
28 90.9 5.4 1.9 0.5 1.3 5063.61 91.7% 81.1% 94.2% 9.20 0.0046 0.11
29 91.2 5.3 1.8 0.4 1.3 5235.88 92.2% 81.4% 94.3% 9.38 0.0046 0.10











































































































CO2 Sorption Catalyst ECM 255022 Wt. CO2  extrudate, g 19.99 Reactor R2
Reforming Catalyst: 0.5% rhodium on Alumina) Engelhard Escat 326 Vol. CO2  extrudate, cc 32.5 S/C 3
Composition CO2  sorb CaO/Al2O3 (90/10) Density CO2, g/cc 0.6 GHSV, hr­1 390
Binder 15%Al203 Wt. SMR Cat., g 4.5 Reforming, °C 600
Batch No. PCB954103A­1 Vol. SMR Cat., cc 7.5 Calcination, °C 800
Extruded by CSMP Density SMR, g/cc 0.6 Pressure, atm. 1
Oven Atmosphere Air Total Bed Wt., g 24.49
Calcined, C 750 Total Bed Vol., ml 40.0
(Wt. Adjusted)
Cycle H2 CH4 CO N2 CO2 M WGS CC CF
Avg. Cycle 
Time S gCO2 / gSorb
1 91.61 3.03 3.04 0.44 1.86 214.07 0.87 0.89 0.91 24.10 0.0045 0.27
2 92.16 2.70 3.05 0.32 1.74 391.51 0.87 0.90 0.92 22.42 0.0046 0.26
3 92.55 2.09 3.24 0.33 1.76 571.23 0.86 0.92 0.91 22.24 0.0046 0.26
4 92.74 1.93 3.29 0.25 1.77 750.10 0.86 0.93 0.91 20.77 0.0047 0.24
5 92.87 1.82 3.30 0.21 1.79 929.83 0.86 0.93 0.91 20.06 0.0047 0.23
6 92.85 1.78 3.30 0.27 1.79 1108.74 0.86 0.93 0.91 20.09 0.0047 0.24
7 92.81 1.79 3.31 0.28 1.78 1288.43 0.86 0.93 0.91 19.31 0.0047 0.23
8 93.07 1.79 3.12 0.28 1.73 1467.49 0.87 0.93 0.92 17.86 0.0047 0.21
9 93.12 1.77 3.06 0.27 1.77 1647.24 0.87 0.93 0.91 18.65 0.0047 0.22
10 93.08 1.81 3.06 0.29 1.75 1827.12 0.87 0.93 0.91 17.89 0.0047 0.21
11 93.04 1.82 3.05 0.30 1.76 2006.32 0.87 0.93 0.91 17.91 0.0047 0.21
12 93.09 1.80 3.03 0.31 1.75 2186.15 0.87 0.93 0.91 17.08 0.0048 0.20
13 92.99 1.84 3.05 0.35 1.76 2365.98 0.87 0.93 0.91 17.90 0.0047 0.21
14 92.98 1.90 3.03 0.35 1.74 2545.70 0.87 0.93 0.92 17.14 0.0047 0.20
15 93.14 1.88 2.98 0.24 1.75 2725.43 0.88 0.93 0.92 16.31 0.0048 0.19
16 93.13 1.91 2.97 0.23 1.76 2905.88 0.88 0.93 0.91 16.34 0.0047 0.19
17 93.09 1.90 2.88 0.48 1.63 3084.91 0.88 0.93 0.92 16.42 0.0048 0.20
18 93.23 1.89 2.91 0.33 1.62 3265.16 0.88 0.93 0.92 16.34 0.0048 0.20
19 93.25 1.90 2.85 0.33 1.67 3444.81 0.88 0.93 0.92 15.62 0.0048 0.19
20 93.22 1.90 2.95 0.24 1.67 3625.13 0.88 0.93 0.92 15.63 0.0048 0.19
21 93.15 1.92 2.93 0.29 1.69 3805.43 0.88 0.93 0.92 15.58 0.0048 0.19
22 93.16 1.96 2.88 0.31 1.66 3984.27 0.88 0.92 0.92 15.54 0.0048 0.19
23 93.19 1.94 2.88 0.33 1.64 4164.63 0.88 0.93 0.92 15.66 0.0048 0.19
24 93.25 1.94 2.84 0.26 1.69 4344.09 0.88 0.93 0.92 14.86 0.0048 0.18
25 93.13 1.94 2.90 0.29 1.72 4524.33 0.88 0.93 0.92 14.91 0.0048 0.18
26 92.98 2.04 2.98 0.24 1.74 4708.26 0.88 0.92 0.92 14.11 0.0047 0.17
27 92.88 1.88 2.97 0.47 1.77 4883.38 0.88 0.93 0.91 14.97 0.0047 0.18
28 92.99 1.91 2.92 0.41 1.75 5064.22 0.88 0.93 0.91 15.03 0.0048 0.18
29 93.15 1.89 2.80 0.41 1.73 5243.47 0.88 0.93 0.92 14.91 0.0048 0.18
30 92.97 2.04 2.84 0.43 1.70 5423.34 0.88 0.92 0.92 14.12 0.0048 0.17
31 93.21 1.91 2.87 0.28 1.70 5603.66 0.88 0.93 0.92 14.11 0.0048 0.17
32 93.17 1.90 2.89 0.28 1.73 5783.99 0.88 0.93 0.92 14.08 0.0048 0.17
33 93.16 1.93 2.86 0.34 1.69 5963.08 0.88 0.93 0.92 14.21 0.0048 0.17










































































































CO2 Sorption Catalyst *ECM 255029 Wt. CO2  extrudate, g 24.98 Reactor R1
Reforming Catalyst: 0.5% rhodium on Alumina) Engelhard Escat 326 Vol. CO2  extrudate, cc 32.5 S/C 3
Composition CO2  sorb *CaO/Al203 (95/5) Density CO2, g/cc 0.8 GHSV, hr­1 390
Binder 15%Al203 Wt. SMR Cat., g 4.5 Reforming, °C 600
Batch No. PCB952502A­2 Vol. SMR Cat., cc 7.5 Calcination, °C 800
Extruded by CSMP Density SMR, g/cc 0.6 Pressure, atm. 1
Oven Atmosphere Air Total Bed Wt., g 29.48
Calcined, C 750 Total Bed Vol., ml 40.0
(Wt. Adjusted)
Cycle H2 CH4 CO N2 CO2 M WGS CC CF
Avg. Cycle 
Time S gCO2 / gSorb
1 94.5 1.7 1.9 0.4 1.5 510.86 92.3% 93.4% 93.3% 29.40 0.0041 0.29
2 94.2 1.8 2.0 0.4 1.6 691.34 91.5% 93.0% 92.8% 29.44 0.0040 0.29
3 94.0 1.9 2.1 0.4 1.6 870.20 91.1% 92.8% 92.4% 28.85 0.0040 0.28
4 93.6 1.9 2.3 0.4 1.7 1050.94 90.3% 92.6% 91.7% 29.45 0.0039 0.28
5 93.7 2.0 2.2 0.4 1.6 1227.53 90.7% 92.2% 92.3% 26.55 0.0040 0.26
6 94.1 1.8 2.0 0.4 1.6 1406.83 91.5% 93.0% 92.5% 24.82 0.0040 0.24
7 93.9 1.9 2.1 0.4 1.7 1586.01 91.0% 92.7% 92.3% 24.64 0.0040 0.24
8 93.7 1.9 2.2 0.5 1.7 1765.28 90.9% 92.7% 92.2% 24.78 0.0040 0.24
9 93.8 1.9 2.2 0.4 1.7 1944.53 90.9% 92.6% 92.2% 23.16 0.0040 0.22
10 93.7 1.9 2.2 0.4 1.7 2123.86 90.8% 92.6% 92.1% 23.07 0.0040 0.22
11 93.7 2.0 2.2 0.4 1.7 2303.54 90.6% 92.4% 92.1% 21.95 0.0039 0.21
12 93.6 2.0 2.2 0.5 1.7 2481.78 90.7% 92.4% 92.2% 21.60 0.0040 0.21
13 93.5 2.2 2.2 0.4 1.6 2663.40 90.6% 91.6% 92.5% 19.48 0.0039 0.19
14 93.4 2.1 2.4 0.4 1.7 2840.90 90.2% 92.1% 92.0% 20.39 0.0039 0.19
15 93.4 2.0 2.3 0.5 1.7 3020.40 90.2% 92.1% 92.0% 19.57 0.0039 0.19
16 93.5 2.0 2.3 0.5 1.7 3199.74 90.5% 92.2% 92.1% 18.85 0.0039 0.18
17 93.3 2.1 2.4 0.5 1.7 3380.00 90.0% 91.9% 91.9% 18.69 0.0039 0.18
18 93.4 2.1 2.3 0.4 1.7 3559.05 90.2% 92.1% 92.0% 18.17 0.0039 0.17
19 93.5 2.0 2.3 0.6 1.7 3738.06 90.6% 92.3% 92.2% 17.61 0.0039 0.17
20 93.6 2.0 2.3 0.4 1.7 3917.94 90.4% 92.3% 92.1% 17.06 0.0039 0.16
21 93.6 2.0 2.2 0.4 1.7 4097.82 90.7% 92.4% 92.1% 16.51 0.0039 0.16








30 93.9 2.1 2.1 0.4 1.5 5718.02 91.2% 92.1% 93.1% 17.46 0.0040 0.17
31 94.1 2.0 2.0 0.4 1.5 5897.39 91.7% 92.2% 93.2% 17.02 0.0040 0.17
32 93.4 2.3 2.3 0.4 1.6 6076.92 90.5% 91.3% 92.8% 16.07 0.0039 0.15
33 93.4 2.3 2.2 0.5 1.5 6255.96 90.6% 91.3% 92.8% 16.07 0.0039 0.15
34 93.7 2.1 2.1 0.6 1.5 6436.49 91.4% 91.9% 92.9% 16.22 0.0040 0.16
35
36 93.6 2.0 2.1 0.6 1.6 9670.65 91.2% 92.2% 92.5% 10.81 0.0040 0.10










































































































CO2  Sorption Catalyst *ECM255036  Wt. CO2  extrudate, g 27 Reactor R1
Reforming Catalyst: 0.5% rhodium on Alumina) Engelhard Escat 326 Vol. CO2  extrudate, cc 32.5 S/C 3
Composition CO2  sorb *CaO/Al203 (90/10) Density CO2, g/cc 0.8 GHSV, hr­1 390
Binder 15%Al203 Wt. SMR Cat., g 4.5 Reforming, °C 600
Batch No. ECM255032 + ECM255033 Vol. SMR Cat., cc 7.5 Calcination, °C 800
Extruded by CSMP Density SMR, g/cc 0.6 Pressure, atm. 1
Oven Atmosphere Air Total Bed Wt., g 31.5
Calcined, C 750 Total Bed Vol., ml 40.0
(Wt. Adjusted)
Cycle H2 CH4 CO N2 CO2 M WGS CC CF
Avg. Cycle 
Time S gCO2 / gSorb
1 94.7 2.3 1.5 0.6 0.9 209.62 93.9% 91.3% 96.0% 30.26 0.0039 0.31
2 93.7 3.0 1.7 0.6 0.9 390.27 92.8% 88.8% 95.7% 29.57 0.0037 0.29
3 93.6 3.0 1.7 0.7 1.0 568.96 92.6% 89.0% 95.6% 29.41 0.0037 0.29
4 93.4 3.2 1.8 0.6 1.0 747.38 92.6% 88.2% 95.5% 26.57 0.0037 0.26
5 93.2 3.5 1.6 0.8 1.0 924.20 93.1% 87.3% 95.6% 24.47 0.0037 0.24
6 93.7 3.0 1.6 0.6 1.0 1104.68 93.2% 88.7% 95.5% 24.05 0.0037 0.24
7 94.3 2.5 1.6 0.6 1.0 1284.00 93.4% 90.4% 95.4% 23.82 0.0038 0.24
8 94.4 2.5 1.5 0.7 1.0 1461.75 93.9% 90.6% 95.7% 21.77 0.0039 0.22
9 93.6 3.0 1.6 0.7 1.0 1641.84 93.1% 88.8% 95.5% 21.74 0.0037 0.22
10 93.4 3.1 1.7 0.8 1.0 1821.74 92.6% 88.5% 95.3% 21.69 0.0037 0.21
11 93.2 3.2 1.9 0.8 1.0 2001.27 92.2% 88.2% 95.3% 21.36 0.0037 0.21
12 93.9 2.8 1.7 0.7 1.0 2180.77 93.1% 89.7% 95.5% 20.19 0.0038 0.20
13 94.1 2.5 1.6 0.7 1.1 2360.87 93.1% 90.4% 95.3% 21.21 0.0038 0.21
14 94.6 2.4 1.5 0.6 0.9 2540.22 93.9% 91.0% 95.9% 19.58 0.0039 0.20
15 94.3 2.4 1.6 0.6 1.1 2720.57 93.2% 90.8% 95.2% 20.70 0.0038 0.21
16 94.4 2.4 1.5 0.7 1.0 2899.40 93.6% 91.0% 95.4% 19.68 0.0038 0.20
17 94.3 2.4 1.6 0.7 1.0 3079.20 93.4% 90.9% 95.3% 19.69 0.0038 0.20
18 94.3 2.4 1.6 0.7 1.0 3258.65 93.4% 91.0% 95.3% 18.66 0.0038 0.19
19 94.3 2.4 1.6 0.8 1.0 3438.09 93.5% 91.0% 95.4% 18.12 0.0038 0.19
20 94.2 2.4 1.6 0.7 1.0 3617.46 93.4% 90.8% 95.3% 17.55 0.0038 0.18
21 94.3 2.4 1.6 0.7 1.0 3797.18 93.4% 90.8% 95.4% 16.42 0.0038 0.17
22 94.2 2.4 1.6 0.7 1.0 3976.59 93.2% 90.8% 95.4% 16.41 0.0038 0.17
23 94.1 2.4 1.6 0.8 1.0 4155.96 93.1% 90.8% 95.4% 15.90 0.0038 0.16
24 94.1 2.5 1.7 0.7 1.0 4335.40 93.0% 90.7% 95.3% 15.36 0.0038 0.16
25 94.2 2.4 1.6 0.7 1.0 4514.57 93.2% 90.8% 95.5% 14.23 0.0038 0.15
26 95.4 1.3 1.6 0.5 1.2 4694.21 93.3% 94.9% 94.6% 14.36 0.0040 0.15
27 94.1 2.5 1.6 0.9 1.0 4873.15 93.5% 90.7% 95.6% 13.83 0.0038 0.14
28 94.1 2.5 1.6 0.8 1.0 5053.73 93.1% 90.5% 95.5% 13.34 0.0038 0.14
29 94.1 2.5 1.6 0.7 1.0 5232.76 93.2% 90.5% 95.5% 12.70 0.0038 0.13
30 94.1 2.5 1.6 0.8 1.0 5412.79 93.1% 90.5% 95.5% 12.23 0.0038 0.12
31 94.1 2.5 1.7 0.7 1.0 5592.47 93.0% 90.5% 95.5% 12.22 0.0038 0.12
32 93.9 2.5 1.7 0.9 1.0 5772.13 92.9% 90.6% 95.4% 12.16 0.0038 0.12
33 93.8 2.6 1.7 0.9 1.0 5951.60 92.9% 90.4% 95.5% 12.17 0.0038 0.12
34 93.8 2.6 1.8 0.8 1.0 6131.98 92.6% 90.3% 95.4% 11.65 0.0038 0.12
35 93.9 2.5 1.7 0.8 1.0 6311.36 92.8% 90.4% 95.5% 11.59 0.0038 0.12
36 94.0 2.5 1.7 0.8 1.0 6491.23 93.0% 90.4% 95.5% 11.12 0.0038 0.11
37 93.9 2.5 1.6 0.9 1.0 6670.92 93.1% 90.5% 95.5% 10.61 0.0038 0.11
38 94.2 2.5 1.7 0.7 1.0 464.62 92.9% 90.6% 95.7% 11.76 0.0038 0.12
39 94.3 2.4 1.6 0.6 0.9 643.86 93.1% 90.8% 95.8% 10.79 0.0038 0.11
40 93.8 2.7 1.8 0.7 0.9 823.85 92.3% 89.8% 95.7% 10.32 0.0038 0.10
41 93.7 2.8 1.8 0.7 0.9 1003.99 92.3% 89.6% 95.8% 11.05 0.0038 0.11
42 93.6 2.8 1.9 0.8 1.0 1183.87 92.0% 89.6% 95.6% 10.62 0.0037 0.11
43 93.5 2.8 1.9 0.9 0.9 1363.57 92.1% 89.5% 95.7% 10.16 0.0037 0.10
44 93.2 3.1 1.8 1.1 0.9 1542.50 92.6% 88.5% 96.0% 10.09 0.0037 0.10
45 93.2 3.1 1.8 0.9 0.9 1723.05 92.2% 88.5% 96.0% 9.59 0.0037 0.09
46 93.4 3.2 1.7 0.9 0.9 1902.34 92.7% 88.3% 96.1% 8.95 0.0037 0.09
47 92.9 3.3 1.8 1.0 0.9 2082.34 92.3% 87.7% 95.8% 8.97 0.0037 0.09
48 93.7 2.9 1.8 0.8 0.8 2262.01 92.6% 89.2% 96.2% 9.02 0.0038 0.09
49 93.7 2.8 1.7 0.8 0.9 2441.98 92.8% 89.5% 95.8% 8.55 0.0038 0.09
50 93.2 3.2 1.8 0.9 0.9 2621.09 92.4% 88.0% 96.1% 8.03 0.0037 0.08
51 92.6 3.4 1.9 1.2 0.9 2801.22 91.8% 87.4% 95.9% 8.44 0.0036 0.08












64 92.3 3.6 2.4 0.7 0.9 6225.63 89.7% 86.7% 95.6% 3.65 0.0035 0.03
65 93.2 3.2 1.8 0.8 0.9 6401.27 92.3% 88.1% 95.9% 7.17 0.0037 0.07
66 91.8 3.9 2.2 1.3 0.8 6581.40 90.8% 85.8% 96.1% 7.54 0.0035 0.07
67 92.0 3.9 2.2 1.0 0.9 6761.57 90.8% 85.8% 96.0% 7.95 0.0035 0.07
68 92.6 3.5 2.0 1.1 0.9 6941.54 91.6% 87.3% 95.9% 7.93 0.0036 0.08
69 92.7 3.5 1.9 1.1 0.9 7120.75 92.1% 87.2% 96.0% 6.41 0.0036 0.06
70 92.4 3.5 2.1 1.1 0.9 7301.44 91.1% 87.2% 95.7% 7.90 0.0036 0.08
71 92.2 3.7 2.1 1.2 0.9 7480.64 91.2% 86.5% 96.0% 6.44 0.0036 0.06
72 91.8 3.8 2.1 1.4 0.8 7660.50 90.9% 86.0% 96.1% 7.08 0.0036 0.07
73 92.2 3.7 2.1 1.1 0.9 7840.75 91.1% 86.4% 96.0% 6.48 0.0036 0.06
74 92.2 3.4 2.0 1.5 0.9 8020.76 91.4% 87.6% 95.7% 8.00 0.0036 0.08
75 92.7 3.3 2.1 1.0 0.9 8200.78 91.3% 87.8% 95.7% 6.55 0.0036 0.06
76 92.4 3.5 2.1 1.0 0.9 8380.73 90.9% 87.0% 95.7% 7.11 0.0036 0.07
77 92.5 3.3 2.0 1.3 0.9 8559.78 91.7% 87.8% 95.8% 6.44 0.0037 0.06
78 91.7 4.1 2.4 0.9 0.9 8741.30 90.0% 85.1% 95.8% 7.06 0.0035 0.07
79 92.3 3.5 1.9 1.4 0.8 8919.18 91.8% 86.9% 96.2% 5.72 0.0036 0.06
80 91.2 4.1 2.5 1.2 0.9 9101.29 89.5% 85.1% 95.7% 7.02 0.0034 0.06










































































































CO2 Sorption Catalyst *ECM255036  Wt. CO2  extrudate, g 30 Reactor R2
Reforming Catalyst: 0.5% rhodium on Alumina) Engelhard Escat 326 Vol. CO2  extrudate, cc 32.5 S/C 3
Composition CO2  sorb *CaO/Al203 (90/10) Density CO2, g/cc 0.9 GHSV, hr­1 390
Binder 15%Al203 Wt. SMR Cat., g 4.5 Reforming, °C 600
Batch No. ECM255032 + ECM255033 Vol. SMR Cat., cc 7.5 Calcination, °C 800
Extruded by CSMP Density SMR, g/cc 0.6 Pressure, atm. 1
Oven Atmosphere Air Total Bed Wt., g 34.5
Calcined, C 750 Total Bed Vol., ml 40.0
(Wt. Adjusted)
Cycle H2 CH4 CO N2 CO2 M WGS CC CF
Avg. Cycle 
Time S gCO2 / gSorb
1 94.3 1.7 2.3 0.5 1.2 7343.51 90.6% 93.3% 94.3% 29.53 0.1002 0.22
2 94.1 1.7 2.4 0.4 1.3 7523.55 90.0% 93.3% 94.0% 29.48 0.0991 0.22
3 93.9 1.8 2.5 0.4 1.3 7703.70 89.6% 93.0% 93.7% 29.57 0.0983 0.22
4 93.7 1.8 2.7 0.4 1.4 7884.08 89.0% 93.0% 93.4% 29.51 0.0971 0.21
5 93.5 1.9 2.7 0.5 1.4 8064.07 88.8% 92.8% 93.2% 29.42 0.0963 0.21
6 93.4 1.8 2.7 0.5 1.4 8243.50 88.6% 92.9% 93.0% 30.09 0.0981 0.22
7 93.5 1.9 2.6 0.6 1.4 8421.56 89.0% 92.8% 93.4% 27.76 0.0912 0.20
8 93.6 1.8 2.7 0.5 1.4 8600.92 88.8% 92.9% 93.4% 27.25 0.0894 0.20
9 93.6 1.9 2.6 0.5 1.4 8780.13 89.1% 92.7% 93.5% 26.10 0.0859 0.19
10 93.6 1.9 2.7 0.5 1.4 8959.98 88.8% 92.8% 93.5% 25.75 0.0845 0.19
11 93.5 1.9 2.6 0.6 1.4 9139.35 89.0% 92.7% 93.4% 25.59 0.0840 0.18
12 93.6 1.9 2.7 0.5 1.4 9319.19 88.9% 92.8% 93.4% 24.97 0.0820 0.18
13 93.4 2.0 2.7 0.6 1.4 9498.63 88.9% 92.5% 93.4% 25.11 0.0821 0.18
14 93.3 1.9 2.7 0.6 1.4 9678.24 88.7% 92.6% 93.5% 24.39 0.0797 0.17
15 93.4 2.0 2.8 0.5 1.4 9858.06 88.5% 92.4% 93.3% 23.72 0.0772 0.17
16 93.5 1.9 2.7 0.5 1.3 10037.41 88.9% 92.6% 93.6% 22.82 0.0748 0.16
17 93.4 1.9 2.7 0.6 1.4 10216.29 88.8% 92.6% 93.5% 22.65 0.0742 0.16
18 93.6 1.9 2.6 0.6 1.3 10396.13 89.0% 92.7% 93.6% 21.88 0.0720 0.16
19 93.3 2.0 2.7 0.6 1.4 10576.12 88.8% 92.2% 93.4% 22.36 0.0728 0.16
20 93.4 1.9 2.7 0.6 1.4 10755.24 88.8% 92.6% 93.5% 21.22 0.0695 0.15
21 93.4 2.0 2.6 0.6 1.4 10934.80 89.0% 92.2% 93.5% 20.71 0.0677 0.15
22 93.4 1.9 2.7 0.6 1.4 11114.35 88.7% 92.7% 93.4% 20.49 0.0670 0.15
23 93.3 2.0 2.7 0.6 1.4 11294.76 88.8% 92.2% 93.4% 20.17 0.0657 0.14










34 93.1 2.0 2.9 0.7 1.4 13089.49 88.0% 92.4% 93.3% 15.08 0.0488 0.11
35 93.3 1.9 2.8 0.6 1.4 13270.61 88.5% 92.6% 93.4% 16.22 0.0529 0.12
36 93.3 1.9 2.8 0.6 1.4 13451.07 88.5% 92.6% 93.4% 16.80 0.0549 0.12
37 93.2 2.0 2.8 0.6 1.4 13630.88 88.4% 92.4% 93.4% 16.83 0.0547 0.12
38 93.3 1.9 2.7 0.7 1.4 13810.81 88.6% 92.6% 93.4% 16.64 0.0543 0.12
39 93.4 1.9 2.7 0.6 1.3 13990.29 88.8% 92.6% 93.6% 16.28 0.0534 0.12
40 93.3 1.9 2.7 0.7 1.3 14170.02 88.8% 92.6% 93.6% 16.16 0.0530 0.12
41 93.4 1.9 2.7 0.6 1.4 14350.62 88.7% 92.7% 93.4% 15.59 0.0510 0.11
42 93.3 1.9 2.8 0.6 1.4 14530.22 88.5% 92.6% 93.3% 16.13 0.0525 0.12
43 93.4 1.9 2.7 0.6 1.4 14709.89 88.8% 92.7% 93.5% 15.21 0.0498 0.11
44 93.4 1.9 2.7 0.6 1.4 14889.43 88.6% 92.7% 93.4% 15.56 0.0509 0.11
45 93.3 1.9 2.7 0.8 1.4 15068.90 88.8% 92.6% 93.5% 15.02 0.0492 0.11
46 93.3 1.9 2.7 0.7 1.4 15248.72 88.7% 92.6% 93.3% 15.18 0.0496 0.11
47 93.3 1.9 2.7 0.6 1.4 15429.08 88.6% 92.7% 93.3% 14.60 0.0476 0.10
48 93.3 1.9 2.7 0.6 1.4 15608.82 88.6% 92.6% 93.3% 14.12 0.0460 0.10
49 93.3 1.9 2.7 0.6 1.4 15788.62 88.6% 92.6% 93.3% 14.18 0.0462 0.10
50 93.2 1.9 2.7 0.7 1.4 15968.24 88.7% 92.8% 93.2% 14.08 0.0460 0.10
51 93.3 1.9 2.7 0.6 1.4 16147.80 88.6% 92.5% 93.3% 13.46 0.0438 0.10
52 93.3 1.9 2.7 0.7 1.4 16327.85 88.7% 92.7% 93.3% 13.47 0.0440 0.10
53 93.3 1.9 2.7 0.7 1.4 16507.46 88.6% 92.7% 93.2% 13.51 0.0440 0.10
54 93.3 1.9 2.7 0.6 1.4 16687.50 88.6% 92.7% 93.3% 12.91 0.0421 0.09
55 93.2 1.9 2.8 0.6 1.4 16867.45 88.2% 92.6% 93.1% 13.00 0.0421 0.09
56 93.3 1.9 2.8 0.7 1.3 17047.08 88.4% 92.6% 93.9% 13.02 0.0426 0.09
57 93.2 1.9 2.8 0.7 1.3 17227.33 88.3% 92.6% 93.5% 12.49 0.0407 0.09
58 92.9 2.1 3.0 0.7 1.4 17407.11 87.6% 91.9% 93.3% 12.34 0.0395 0.09
59 93.2 1.9 2.8 0.7 1.4 17586.82 88.3% 92.8% 93.5% 12.35 0.0403 0.09
60 92.9 2.1 3.0 0.7 1.4 17766.69 87.5% 92.0% 93.3% 12.47 0.0399 0.09
61 93.0 1.9 2.9 0.9 1.4 17946.37 88.0% 92.7% 93.4% 12.40 0.0402 0.09
62 93.1 1.9 2.9 0.7 1.4 18126.46 87.9% 92.7% 93.3% 12.39 0.0401 0.09
63 92.7 2.0 3.0 0.9 1.4 18306.31 87.6% 92.2% 93.2% 12.42 0.0398 0.09
64 93.0 1.9 2.8 0.8 1.4 18486.34 88.1% 92.8% 93.3% 11.91 0.0387 0.08
65 93.2 1.9 2.8 0.7 1.4 18665.84 88.2% 92.7% 93.3% 11.44 0.0372 0.08
66 93.0 1.9 2.9 0.8 1.4 18845.73 88.0% 92.8% 93.1% 11.38 0.0369 0.08
67 93.1 1.9 2.9 0.7 1.4 19025.68 87.9% 92.8% 93.1% 11.33 0.0366 0.08
68 93.1 1.9 2.8 0.8 1.4 19205.13 88.2% 92.8% 93.2% 10.85 0.0353 0.08
69 93.3 1.9 2.8 0.6 1.4 19385.23 88.4% 92.7% 93.4% 10.28 0.0335 0.07
70 93.2 1.9 2.8 0.7 1.4 19565.04 88.2% 92.8% 93.1% 10.31 0.0335 0.07
71 92.9 2.0 3.0 0.7 1.4 19745.11 87.6% 92.4% 92.9% 10.84 0.0347 0.08
72 93.0 1.9 2.9 0.7 1.4 19924.70 88.0% 92.5% 93.2% 9.71 0.0314 0.07
73 93.0 1.9 2.9 0.8 1.4 20104.85 87.9% 92.6% 93.0% 9.78 0.0316 0.07
74 92.9 1.9 2.9 0.7 1.5 20284.46 87.8% 92.5% 93.0% 9.71 0.0312 0.07
75 92.8 2.0 3.0 0.8 1.5 20464.49 87.6% 92.5% 92.8% 9.79 0.0314 0.07
76 93.1 1.9 2.9 0.7 1.4 20644.00 88.0% 92.7% 93.0% 9.28 0.0300 0.07
77 92.9 1.9 2.9 0.7 1.5 20824.05 87.8% 92.6% 92.9% 9.27 0.0298 0.07
78 93.0 1.9 2.9 0.7 1.5 21003.76 87.8% 92.5% 92.9% 9.28 0.0299 0.07
79 92.8 1.9 2.9 0.8 1.5 21183.79 87.7% 92.7% 92.8% 9.31 0.0299 0.07
80 92.7 2.0 3.0 0.8 1.5 21364.04 87.5% 92.5% 92.7% 8.95 0.0286 0.06
81 92.9 1.9 3.0 0.8 1.5 21543.65 87.7% 92.5% 92.8% 9.17 0.0294 0.06
82 92.9 1.9 2.9 0.9 1.5 21724.51 87.9% 92.8% 92.8% 8.73 0.0282 0.06
83 92.9 1.9 3.0 0.6 1.5 21905.07 87.3% 92.6% 92.6% 8.66 0.0276 0.06
84 92.8 1.9 2.9 0.9 1.5 22084.19 87.8% 92.7% 92.9% 8.65 0.0278 0.06
85 92.8 1.8 2.9 1.0 1.5 22263.75 87.9% 92.9% 92.8% 8.69 0.0281 0.06
86 92.8 1.9 2.9 1.0 1.4 22443.48 88.0% 92.7% 93.0% 7.97 0.0258 0.06
87 92.6 1.9 3.1 1.0 1.4 22624.55 87.2% 92.7% 92.9% 8.67 0.0277 0.06
88 92.6 2.0 3.1 0.8 1.5 22804.09 86.9% 92.2% 92.7% 8.01 0.0254 0.06
89 92.6 2.0 3.0 0.9 1.4 22984.05 87.3% 92.3% 92.9% 7.75 0.0247 0.05
90 92.6 2.0 3.1 0.8 1.5 23164.07 87.0% 92.2% 92.8% 7.77 0.0246 0.05
91 92.6 2.0 3.1 0.9 1.4 23343.79 87.2% 92.3% 92.9% 7.80 0.0249 0.05
92 92.6 2.0 3.1 0.8 1.5 23523.57 87.1% 92.3% 92.9% 7.71 0.0245 0.05
93 92.7 2.0 3.0 0.8 1.5 23703.63 87.3% 92.4% 92.9% 7.18 0.0229 0.05
94 92.6 2.0 3.0 0.9 1.5 23883.09 87.3% 92.4% 92.9% 7.67 0.0245 0.05
95 92.7 2.0 3.1 0.8 1.5 24063.51 87.2% 92.4% 92.8% 7.15 0.0228 0.05
96 92.6 1.9 3.1 0.9 1.5 24243.65 87.1% 92.5% 92.7% 7.14 0.0227 0.05
97 92.8 2.0 3.0 0.8 1.4 24423.00 87.5% 92.4% 92.9% 6.60 0.0211 0.05
98 92.7 1.9 3.0 0.8 1.5 24603.24 87.3% 92.5% 92.8% 6.71 0.0214 0.05
99 92.8 1.9 2.9 0.9 1.4 24782.42 87.8% 92.7% 93.0% 6.70 0.0216 0.05
100 92.7 1.9 2.9 1.0 1.4 24962.67 87.7% 92.7% 93.0% 6.72 0.0217 0.05










































































































CO2 Sorption Catalyst ECM255061C300 Wt. CO2  extrudate, g 32.16 Reactor R1
Reforming Catalyst: 0.5% rhodium on Alumina) Engelhard Escat 326 Vol. CO2  extrudate, cc 32.5 S/C 3
Composition CO2  sorb *CaO/Al203 (90/10) Density CO2, g/cc 1.0 GHSV, hr­1 390
Binder 15%Al203 Wt. SMR Cat., g 4.5 Reforming, °C 600
Batch No. PCB954103A­1 Vol. SMR Cat., cc 7.5 Calcination, °C 800
Extruded by CSMP Density SMR, g/cc 0.6 Pressure, atm. 1
Oven Atmosphere Air Total Bed Wt., g 36.66
Calcined, C 300 Total Bed Vol., ml 40.0
(Wt. Adjusted)
Cycle H2 CH4 CO N2 CO2 M WGS CC CF
Avg. Cycle 
Time S gCO2 / gSorb
1 93.5 3.1 1.3 1.2 0.9 88.01 94.7% 88.4% 96.3% 5.98 0.0383 0.06
2 92.6 4.0 1.2 1.3 0.8 267.38 94.7% 85.6% 96.3% 4.28 0.0265 0.04
3 92.8 3.8 1.2 1.3 0.8 449.37 94.8% 86.2% 96.4% 7.63 0.0477 0.07
4 93.0 4.0 1.2 1.0 0.8 634.01 95.0% 85.8% 96.5% 11.36 0.0710 0.11
5 93.1 4.0 1.2 0.9 0.8 818.98 95.0% 85.8% 96.5% 16.82 0.1050 0.16
6 93.0 4.0 1.3 1.0 0.8 1003.22 94.6% 85.7% 96.4% 21.14 0.1312 0.19
7 93.5 3.5 1.4 0.8 0.8 1187.59 94.0% 87.3% 96.3% 25.55 0.1604 0.24
8 93.6 3.1 1.5 0.8 0.9 1368.00 93.5% 88.5% 96.1% 25.96 0.1642 0.24
9 93.8 2.9 1.6 0.7 0.9 1548.03 93.2% 89.1% 96.0% 25.93 0.1643 0.24
10 94.0 2.8 1.6 0.7 0.9 1727.85 93.1% 89.7% 96.0% 25.24 0.1607 0.24
11 94.2 2.6 1.6 0.7 0.9 1906.73 93.3% 90.1% 96.1% 24.99 0.1604 0.24
12 94.2 2.6 1.6 0.6 0.9 2086.71 93.3% 90.1% 96.1% 23.69 0.1522 0.23
13 94.0 2.8 1.6 0.7 0.9 2266.53 93.1% 89.6% 96.0% 23.41 0.1491 0.22
14 94.1 2.6 1.6 0.7 0.9 2445.57 93.1% 90.1% 95.9% 23.17 0.1483 0.22
15 94.2 2.6 1.6 0.7 0.9 2625.95 93.2% 90.3% 96.0% 23.21 0.1491 0.22
16 94.1 2.6 1.6 0.7 0.9 2805.25 93.3% 90.2% 96.0% 23.19 0.1488 0.22
17 94.0 2.6 1.6 0.8 0.9 2985.47 93.1% 90.2% 95.9% 23.08 0.1477 0.22
18 94.2 2.6 1.6 0.7 0.9 3164.69 93.3% 90.3% 95.9% 22.07 0.1417 0.21
19 94.2 2.6 1.6 0.6 0.9 3345.16 93.1% 90.3% 95.9% 22.14 0.1420 0.21
20 94.1 2.6 1.6 0.7 0.9 3524.34 93.2% 90.2% 95.9% 22.04 0.1412 0.21
21 94.0 2.6 1.7 0.8 0.9 3704.03 93.1% 90.3% 95.8% 21.79 0.1395 0.21
22 94.2 2.6 1.6 0.8 0.9 3880.92 93.5% 90.4% 96.1% 19.15 0.1235 0.18
23 94.2 2.6 1.7 0.7 0.9 4063.42 92.9% 90.4% 96.0% 19.66 0.1259 0.19
24 94.1 2.5 1.7 0.8 0.9 4241.97 93.1% 90.5% 96.0% 19.67 0.1264 0.19
25 94.1 2.6 1.7 0.7 0.9 4422.04 93.0% 90.4% 95.9% 18.72 0.1200 0.18
26 94.0 2.6 1.7 0.7 0.9 4600.89 92.8% 90.2% 96.0% 17.98 0.1149 0.17
27 93.9 2.6 1.7 0.9 0.9 4780.60 92.9% 90.1% 95.9% 18.03 0.1151 0.17













41 94.6 2.3 1.7 0.7 0.8 7427.70 93.1% 91.4% 96.5% 22.79 0.1489 0.22
42 94.4 2.3 1.7 0.8 0.8 7605.58 92.8% 91.2% 96.3% 20.44 0.1325 0.20
43 94.4 2.3 1.7 0.7 0.8 7784.24 93.0% 91.2% 96.3% 19.27 0.1252 0.19
44 94.4 2.3 1.7 0.7 0.8 7963.69 93.1% 91.1% 96.2% 18.13 0.1176 0.17
45 94.4 2.4 1.6 0.7 0.8 8143.28 93.2% 91.0% 96.2% 17.07 0.1106 0.16
46 94.4 2.4 1.6 0.7 0.9 8322.70 93.1% 90.9% 96.1% 16.95 0.1097 0.16
47 94.2 2.5 1.7 0.8 0.9 8502.48 93.1% 90.7% 96.1% 16.64 0.1075 0.16
48 94.5 2.4 1.6 0.7 0.8 8681.62 93.5% 90.9% 96.3% 15.53 0.1010 0.15
49 94.5 2.4 1.6 0.7 0.8 8861.38 93.5% 91.0% 96.2% 14.94 0.0972 0.14
50 94.5 2.4 1.6 0.7 0.9 9040.95 93.5% 90.9% 96.2% 15.05 0.0977 0.14
51 94.3 2.4 1.6 0.9 0.9 9220.62 93.4% 90.9% 96.1% 15.14 0.0983 0.15
52 94.4 2.4 1.6 0.7 0.9 9400.67 93.2% 90.8% 96.1% 14.61 0.0944 0.14
53 94.3 2.4 1.6 0.7 0.9 9580.60 93.3% 90.8% 96.0% 14.40 0.0931 0.14
54 94.4 2.4 1.6 0.7 0.9 9760.06 93.3% 90.9% 96.1% 14.04 0.0910 0.13
55 94.3 2.5 1.6 0.7 0.9 9940.04 93.2% 90.7% 96.0% 13.73 0.0886 0.13
56 94.3 2.4 1.6 0.8 0.9 10119.21 93.3% 90.9% 96.0% 13.93 0.0902 0.13
57 94.3 2.4 1.6 0.8 0.9 10298.99 93.4% 90.9% 96.1% 13.38 0.0868 0.13
58 94.4 2.4 1.6 0.7 0.9 10479.05 93.3% 91.0% 96.0% 13.06 0.0845 0.13
59 94.0 2.4 1.6 0.9 0.9 10658.83 93.1% 90.8% 95.8% 13.50 0.0870 0.13
60 95.2 1.6 1.6 0.6 1.0 10838.39 93.5% 93.9% 95.3% 12.16 0.0809 0.12
61 93.7 2.6 1.8 1.0 0.9 11018.20 92.4% 90.3% 95.7% 12.97 0.0824 0.12
62 93.8 2.7 1.8 0.8 0.9 11198.37 92.3% 90.0% 95.8% 11.61 0.0735 0.11
63 93.4 2.9 2.0 0.8 0.9 11378.09 91.6% 89.3% 95.7% 11.95 0.0743 0.11
64 93.4 2.8 2.0 0.8 0.9 11557.71 91.7% 89.5% 95.7% 11.31 0.0707 0.10
65 93.6 2.7 1.9 0.8 0.9 11737.37 91.9% 89.7% 95.7% 11.43 0.0717 0.11
66 94.0 2.5 1.7 0.8 0.9 11917.75 92.8% 90.6% 95.7% 11.58 0.0741 0.11
67 94.2 2.4 1.7 0.8 0.9 12096.91 93.1% 90.7% 95.8% 11.25 0.0724 0.11
68 94.3 2.4 1.6 0.8 0.9 12276.89 93.2% 90.9% 95.9% 10.71 0.0692 0.10
69 94.1 2.5 1.7 0.7 0.9 12456.68 92.9% 90.5% 95.8% 10.75 0.0689 0.10
70 94.2 2.4 1.7 0.8 0.9 12636.65 93.0% 90.8% 95.8% 10.40 0.0668 0.10
71 94.0 2.5 1.7 0.8 0.9 12816.50 92.8% 90.5% 95.7% 10.78 0.0689 0.10
72 94.1 2.5 1.7 0.8 0.9 12996.12 93.0% 90.6% 95.8% 10.18 0.0653 0.10
73 93.8 2.6 1.8 1.0 0.7 13177.06 92.3% 90.4% 96.6% 11.24 0.0720 0.11
74 94.1 2.6 1.8 0.8 0.8 13356.57 92.6% 90.4% 96.5% 10.18 0.0654 0.10










































































































CO2 Sorption Catalyst ECM255061C500 Wt. CO2  extrudate, g 31.85 Reactor R1
Reforming Catalyst: 0.5% rhodium on Alumina) Engelhard Escat 326 Vol. CO2  extrudate, cc 32.5 S/C 3
Composition CO2  sorb *CaO/Al203 (90/10) Density CO2, g/cc 1.0 GHSV, hr­1 390
Binder 15%Al203 Wt. SMR Cat., g 4.5 Reforming, °C 600
Batch No. PCB954103A­1 Vol. SMR Cat., cc 7.5 Calcination, °C 800
Extruded by CSMP Density SMR, g/cc 0.6 Pressure, atm. 1
Oven Atmosphere Air Total Bed Wt., g 36.35
Calcined, C 500 Total Bed Vol., ml 40.0
(Wt. Adjusted)
Cycle H2 CH4 CO N2 CO2 M WGS CC CF
Avg. Cycle 
Time S gCO2 / gSorb
1 93.0 3.5 1.6 1.3 0.6 374.04 93.1% 87.3% 97.4% 2.68 0.0170 0.02
2 92.6 3.9 1.5 1.2 0.7 555.00 93.6% 86.0% 97.0% 4.82 0.0302 0.04
3 93.1 4.1 1.5 0.6 0.8 742.75 93.8% 85.6% 96.5% 12.40 0.0770 0.11
4 93.1 3.9 1.6 0.5 0.9 939.87 93.1% 86.0% 96.2% 29.79 0.1839 0.26
5 93.9 2.8 1.9 0.4 0.9 1119.96 91.9% 89.6% 96.0% 29.74 0.1885 0.27
6 94.1 2.4 2.1 0.3 0.9 1300.22 91.1% 90.8% 95.7% 29.81 0.1895 0.27
7 94.1 2.4 2.2 0.3 1.0 1480.25 90.7% 91.1% 95.5% 29.26 0.1854 0.26
8 94.4 2.3 2.1 0.3 0.9 1657.57 91.4% 91.4% 95.7% 26.98 0.1731 0.24
9 94.4 2.2 2.0 0.3 1.0 1836.88 91.5% 91.6% 95.6% 26.18 0.1684 0.24
10 94.3 2.3 2.1 0.3 1.0 2016.83 91.2% 91.3% 95.5% 26.16 0.1670 0.23
11 94.2 2.3 2.1 0.4 1.0 2195.90 91.4% 91.4% 95.5% 25.54 0.1637 0.23
12 94.2 2.3 2.1 0.4 1.0 2375.69 91.3% 91.3% 95.4% 25.41 0.1621 0.23
13 94.3 2.3 2.0 0.5 1.0 2554.48 91.8% 91.4% 95.5% 24.41 0.1571 0.22
14 94.5 2.2 1.9 0.4 1.0 2734.24 92.0% 91.7% 95.4% 24.43 0.1580 0.22
15 94.5 2.2 1.9 0.4 1.0 2914.47 91.9% 91.7% 95.3% 23.92 0.1543 0.22
16 94.4 2.2 2.0 0.4 1.0 3093.71 91.8% 91.6% 95.3% 23.45 0.1509 0.21
17 94.4 2.2 1.9 0.4 1.0 3273.06 92.1% 91.7% 95.3% 22.77 0.1471 0.21
18 94.6 2.2 1.8 0.4 1.0 3452.43 92.4% 91.8% 95.4% 22.21 0.1442 0.20
19 94.5 2.1 1.9 0.4 1.0 3632.49 92.2% 91.8% 95.2% 22.22 0.1438 0.20
20 94.6 2.1 1.8 0.4 1.0 3812.26 92.3% 91.9% 95.2% 21.15 0.1372 0.19
21 94.4 2.2 1.9 0.5 1.1 3991.22 92.3% 91.8% 95.1% 21.22 0.1372 0.19
22 94.6 2.1 1.8 0.4 1.1 4170.97 92.4% 91.9% 95.1% 20.21 0.1311 0.18
23 93.1 3.4 1.9 0.5 1.2 4351.93 92.1% 87.7% 94.5% 21.23 0.1300 0.18
24 93.3 3.0 2.0 0.5 1.2 4532.28 91.5% 89.0% 94.5% 21.07 0.1300 0.18
25 93.5 2.8 2.0 0.4 1.2 4711.45 91.5% 89.6% 94.3% 20.47 0.1269 0.18
26 93.8 2.6 2.0 0.4 1.2 4890.01 91.6% 90.3% 94.4% 18.25 0.1145 0.16
27 93.5 2.9 2.0 0.4 1.2 5068.90 91.6% 89.2% 94.5% 17.47 0.1082 0.15
28 93.4 3.0 1.9 0.6 1.1 5247.21 92.1% 89.0% 95.1% 17.13 0.1072 0.15
29 92.8 3.5 2.0 0.5 1.1 5427.95 91.5% 87.4% 95.1% 16.26 0.0992 0.14
30 93.3 2.9 2.1 0.5 1.3 5607.98 91.3% 89.3% 94.1% 17.04 0.1050 0.15
31 94.3 2.1 1.9 0.5 1.1 5785.78 92.1% 91.9% 94.9% 15.23 0.0982 0.14
32 94.3 2.2 2.0 0.5 1.0 5966.06 91.8% 91.6% 95.5% 15.66 0.1010 0.14
33 94.2 2.3 2.0 0.5 1.0 6146.22 91.5% 91.4% 95.1% 15.25 0.0975 0.14
34 94.2 2.3 2.1 0.4 1.1 6325.95 91.4% 91.4% 95.1% 15.14 0.0966 0.14
35 94.2 2.2 1.9 0.6 1.0 6504.80 91.9% 91.5% 95.3% 14.61 0.0941 0.13
36 94.0 2.3 2.0 0.6 1.0 6684.55 91.7% 91.2% 95.2% 14.56 0.0931 0.13
37 94.1 2.3 2.0 0.6 1.1 6864.63 91.7% 91.4% 95.1% 14.12 0.0904 0.13
38 94.0 2.3 2.0 0.5 1.1 7044.70 91.5% 91.2% 95.0% 13.54 0.0862 0.12
39 94.3 2.3 1.9 0.5 1.0 7223.35 92.1% 91.3% 95.3% 12.38 0.0796 0.11
40 94.1 2.2 2.0 0.5 1.1 7404.22 91.6% 91.6% 94.8% 13.12 0.0838 0.12
41 94.2 2.2 1.9 0.5 1.1 7583.24 91.9% 91.5% 95.1% 12.49 0.0802 0.11
42 93.8 2.4 2.1 0.5 1.2 7763.78 91.1% 91.0% 94.6% 12.52 0.0788 0.11
43 94.2 2.3 2.0 0.5 1.1 7942.80 91.8% 91.4% 95.0% 12.00 0.0767 0.11
44 94.2 2.2 1.9 0.5 1.1 8122.61 91.9% 91.7% 95.0% 11.69 0.0751 0.11
45 94.1 2.3 2.0 0.5 1.1 8302.19 91.7% 91.3% 94.8% 11.67 0.0744 0.10
46 93.8 2.3 2.1 0.6 1.2 8482.14 91.3% 91.2% 94.6% 11.52 0.0728 0.10
47 93.8 2.3 2.0 0.7 1.2 8662.14 91.5% 91.4% 94.6% 11.45 0.0727 0.10
48 93.7 2.3 2.1 0.7 1.2 8841.80 91.4% 91.1% 94.5% 11.40 0.0720 0.10
49 94.1 2.3 2.0 0.6 1.1 9021.49 91.9% 91.4% 94.8% 10.31 0.0659 0.09
50 93.9 2.3 2.0 0.5 1.1 9201.22 91.6% 91.1% 94.7% 10.22 0.0648 0.09
51 93.7 2.3 2.1 0.7 1.2 9381.43 91.3% 91.2% 94.3% 10.86 0.0685 0.10
52 93.9 2.2 1.9 0.7 1.2 9560.46 91.9% 91.5% 94.7% 10.29 0.0657 0.09
53 94.0 2.2 1.9 0.6 1.2 9740.54 91.9% 91.5% 94.7% 9.79 0.0626 0.09
54 93.8 2.3 2.1 0.6 1.2 9921.12 91.3% 91.1% 94.3% 9.79 0.0617 0.09
55 93.8 2.3 2.0 0.7 1.2 10100.20 91.8% 91.3% 94.6% 9.82 0.0625 0.09
56 93.6 2.5 2.2 0.7 1.1 10280.73 90.9% 90.6% 95.0% 9.76 0.0613 0.09











































































































CO2  Sorption Catalyst ECM255061C750 Wt. CO2  extrudate, g 27.96 Reactor R1
Reforming Catalyst: 0.5% rhodium on Alumina) Engelhard Escat 326 Vol. CO2  extrudate, cc 32.5 S/C 3
Composition CO2  sorb *CaO/Al203 (90/10) Density CO2, g/cc 0.9 GHSV, hr­1 390
Binder 15%Al203 Wt. SMR Cat., g 4.5 Reforming, °C 600
Batch No. PCB954103A­1 Vol. SMR Cat., cc 7.5 Calcination, °C 800
Extruded by CSMP Density SMR, g/cc 0.6 Pressure, atm. 1
Oven Atmosphere Air Total Bed Wt., g 32.46
Calcined, C 750 Total Bed Vol., ml 40.0
(Wt. Adjusted)
Cycle H2 CH4 CO N2 CO2 M WGS CC CF
Avg. Cycle 
Time S gCO2 / gSorb
1 94.9 3.0 1.0 0.4 0.7 264.43 95.7% 89.1% 97.2% 29.70 0.0038 0.27




6 92.1 5.5 1.2 0.3 0.8 1149.23 94.7% 80.9% 96.6% 14.11 0.0034 0.11
7 92.0 5.4 1.3 0.5 0.8 1328.54 94.5% 81.4% 96.5% 14.24 0.0034 0.11
8 91.9 5.5 1.3 0.4 0.8 1509.92 94.3% 81.0% 96.3% 14.33 0.0034 0.11
9 91.9 5.3 1.4 0.5 0.9 1689.03 94.0% 81.5% 96.2% 14.45 0.0034 0.12
10 91.8 5.3 1.4 0.5 0.9 1870.07 93.8% 81.5% 96.2% 15.26 0.0034 0.12
11 91.8 5.3 1.5 0.6 0.9 2050.19 93.7% 81.7% 96.1% 15.65 0.0034 0.12
12 91.8 5.2 1.5 0.5 0.9 2230.39 93.6% 81.8% 96.0% 15.01 0.0034 0.12
13 91.7 5.2 1.5 0.7 0.9 2409.47 93.5% 81.9% 96.0% 14.44 0.0034 0.11
14 91.9 5.0 1.5 0.6 0.9 2590.05 93.5% 82.4% 95.9% 14.99 0.0034 0.12
15 91.9 5.0 1.5 0.6 0.9 2770.65 93.4% 82.4% 95.9% 15.78 0.0034 0.13
16 91.9 5.0 1.6 0.6 0.9 2950.69 93.2% 82.4% 95.8% 15.77 0.0034 0.13
17 91.9 4.9 1.6 0.7 0.9 3130.53 93.2% 82.8% 95.8% 15.73 0.0034 0.13
18 92.0 4.8 1.6 0.6 1.0 3310.46 93.1% 83.0% 95.7% 15.63 0.0034 0.13
19 92.0 4.7 1.6 0.7 1.0 3490.38 93.1% 83.2% 95.7% 15.69 0.0034 0.13
20 92.2 4.7 1.6 0.6 1.0 3669.70 93.1% 83.5% 95.7% 15.05 0.0034 0.12
21 92.1 4.6 1.7 0.7 1.0 3850.32 92.9% 83.5% 95.7% 15.71 0.0034 0.13
22 92.4 4.2 1.7 0.6 1.0 4032.18 92.8% 84.7% 95.4% 17.61 0.0034 0.14
23 94.4 2.3 1.6 0.4 1.3 4214.07 93.4% 91.3% 94.0% 19.58 0.0037 0.17
24 95.6 1.1 1.3 0.5 1.5 4393.16 94.7% 95.8% 93.1% 19.64 0.0039 0.18
25 94.0 5.0 0.1 0.7 0.2 4570.82 99.6% 82.6% 99.4% 14.54 0.0037 0.13
26 91.1 7.5 0.3 0.8 0.3 4925.17 98.5% 75.4% 98.7% 8.82 0.0033 0.07
27 91.1 7.3 0.5 0.7 0.3 5106.02 97.8% 75.8% 98.9% 9.06 0.0033 0.07
28 91.0 7.3 0.6 0.8 0.3 5283.64 97.4% 75.8% 98.8% 7.72 0.0033 0.06
29 90.7 7.4 0.7 0.9 0.3 5462.50 97.1% 75.5% 98.9% 6.43 0.0033 0.05
30 90.8 7.4 0.7 0.8 0.2 5642.57 96.8% 75.5% 99.0% 6.41 0.0033 0.05
31 90.8 7.3 0.8 0.9 0.2 5822.71 96.6% 75.8% 99.1% 6.27 0.0033 0.05
32 90.7 7.2 0.8 1.0 0.2 6001.34 96.4% 76.0% 99.0% 5.09 0.0033 0.04
33 90.6 7.3 0.8 1.0 0.2 6181.66 96.4% 75.9% 99.1% 5.65 0.0033 0.04
34 90.6 7.4 0.9 0.9 0.2 6362.06 96.3% 75.7% 99.2% 6.27 0.0033 0.05
35 90.7 7.2 0.9 1.0 0.2 6541.81 96.3% 76.0% 99.2% 6.29 0.0033 0.05
36 91.4 6.5 1.1 0.8 0.2 6726.08 95.3% 78.0% 99.2% 9.50 0.0034 0.08
37 94.2 3.5 1.3 0.7 0.3 6907.08 94.7% 87.4% 98.7% 13.27 0.0037 0.12
38 94.3 3.5 1.3 0.6 0.3 7088.05 94.6% 87.3% 98.8% 13.31 0.0037 0.12
39 95.3 2.5 1.2 0.5 0.5 7267.29 95.1% 90.7% 97.6% 12.74 0.0038 0.12
40 92.6 0.5 0.4 1.1 5.4 7438.15 98.2% 97.8% 76.4% 5.44 0.0033 0.04
41 96.5 0.2 0.2 0.4 2.7 7544.44 99.1% 99.1% 88.8% 0.00 0.0040 0.00
42 93.4 5.5 0.2 0.8 0.1 7806.10 99.1% 81.1% 99.7% 11.48 0.0037 0.10
43 92.0 6.5 0.3 1.0 0.1 7985.13 98.5% 78.1% 99.5% 10.70 0.0035 0.09
44 92.2 6.4 0.4 0.9 0.1 8164.91 98.2% 78.3% 99.6% 9.53 0.0035 0.08
45 91.9 6.4 0.5 1.1 0.1 8344.64 97.9% 78.4% 99.6% 9.49 0.0035 0.08
46 91.7 6.7 0.6 0.9 0.1 8525.06 97.4% 77.6% 99.6% 10.12 0.0034 0.08
47 91.7 6.7 0.7 0.8 0.2 8705.49 97.1% 77.6% 99.3% 9.52 0.0034 0.08
48 91.6 6.7 0.7 0.9 0.1 8884.80 97.0% 77.6% 99.4% 8.82 0.0034 0.07
49 91.4 6.7 0.7 1.0 0.1 9064.42 96.9% 77.6% 99.4% 8.85 0.0034 0.07
50 91.4 6.8 0.8 0.9 0.1 9244.19 96.7% 77.3% 99.5% 8.85 0.0034 0.07
51 91.5 6.8 0.8 0.8 0.1 9424.46 96.6% 77.4% 99.5% 8.17 0.0034 0.07
52 91.7 6.6 0.7 0.8 0.1 9602.93 96.9% 77.8% 99.5% 6.94 0.0034 0.06
53 91.4 6.7 0.8 1.0 0.1 9783.88 96.5% 77.5% 99.5% 8.22 0.0034 0.07
54 91.3 6.6 0.8 1.1 0.1 9963.73 96.5% 77.9% 99.6% 8.15 0.0034 0.07
55 91.4 6.6 0.8 1.0 0.1 10143.37 96.3% 77.7% 99.6% 8.19 0.0034 0.07
56 91.3 6.8 0.8 1.0 0.1 10323.20 96.6% 77.2% 99.6% 6.95 0.0034 0.06
57 91.6 6.5 0.9 0.8 0.1 10503.64 96.3% 78.0% 99.6% 7.59 0.0034 0.06
58 91.5 6.5 0.9 1.0 0.1 10683.92 96.0% 78.1% 99.6% 8.28 0.0034 0.07
59 91.6 6.5 0.9 1.0 0.1 10863.06 96.2% 78.1% 99.6% 7.59 0.0034 0.06
60 91.5 6.5 0.9 0.9 0.1 11043.88 96.0% 78.1% 99.6% 7.57 0.0034 0.06
61 91.4 6.5 0.9 1.1 0.1 11223.09 96.1% 78.1% 99.6% 8.23 0.0034 0.07
62 91.7 6.4 0.9 0.9 0.1 11403.28 96.1% 78.5% 99.6% 7.54 0.0034 0.06
63 91.7 6.4 0.9 0.9 0.1 11583.50 96.1% 78.5% 99.7% 6.94 0.0034 0.06
64 91.7 6.4 0.9 0.9 0.1 11763.04 96.1% 78.4% 99.7% 6.94 0.0034 0.06
65 91.6 6.3 0.9 1.1 0.1 11943.32 96.0% 78.6% 99.7% 7.62 0.0034 0.06
66 91.8 6.3 0.8 1.0 0.1 12122.34 96.3% 78.7% 99.7% 6.93 0.0035 0.06
67 91.8 6.3 0.9 0.9 0.1 12303.19 96.1% 78.6% 99.7% 6.90 0.0034 0.06
68 91.8 6.3 0.9 0.9 0.1 12482.93 96.1% 78.6% 99.7% 7.00 0.0034 0.06
69 92.6 5.1 1.1 1.0 0.2 12663.50 95.2% 82.2% 99.3% 8.21 0.0035 0.07
70 91.8 6.2 0.9 1.0 0.1 12842.11 96.3% 78.9% 99.7% 6.95 0.0035 0.06
71 91.8 6.2 0.9 0.9 0.1 13022.92 96.1% 78.9% 99.7% 7.02 0.0035 0.06
72 91.9 6.2 0.9 1.0 0.1 13202.83 96.2% 79.1% 99.6% 6.97 0.0035 0.06
73 91.7 6.3 1.0 0.9 0.1 13383.16 95.7% 78.8% 99.6% 7.57 0.0034 0.06
74 91.7 6.2 1.0 1.0 0.1 13563.19 95.9% 78.9% 99.6% 6.92 0.0034 0.06
75 91.9 6.2 0.9 0.9 0.1 13742.45 96.2% 79.0% 99.6% 6.38 0.0035 0.05
76 91.7 6.2 0.9 1.1 0.1 13922.64 96.0% 79.0% 99.6% 6.93 0.0035 0.06
77 91.7 6.2 0.9 1.1 0.1 14101.94 96.2% 79.0% 99.6% 6.97 0.0035 0.06
78 91.8 6.2 0.9 1.0 0.1 14282.66 96.0% 78.9% 99.6% 6.89 0.0035 0.06
79 91.7 6.1 0.9 1.2 0.1 14461.71 96.2% 79.1% 99.6% 6.93 0.0035 0.06
80 91.7 6.2 0.9 1.1 0.1 14642.38 96.0% 79.1% 99.7% 6.91 0.0035 0.06
81 91.9 6.1 0.9 0.9 0.1 14822.82 95.9% 79.1% 99.7% 6.40 0.0035 0.05
82 91.9 6.2 0.9 0.9 0.1 15002.53 96.0% 78.9% 99.7% 6.47 0.0034 0.05
83 91.6 6.3 0.9 1.1 0.1 15182.31 96.0% 78.6% 99.7% 6.43 0.0034 0.05











































































































CO2 Sorption Catalyst ECM255061C800 Wt. CO2  extrudate, g 24.82 Reactor R1
Reforming Catalyst: 0.5% rhodium on Alumina) Engelhard Escat 326 Vol. CO2  extrudate, cc 32.5 S/C 3
Composition CO2  sorb CaO/Al203 (90/10) Density CO2, g/cc 0.8 GHSV, hr­1 390
Binder 15%Al203 Wt. SMR Cat., g 4.5 Reforming, °C 600
Batch No. PCB954103A­1 Vol. SMR Cat., cc 7.5 Calcination, °C 800
Extruded by CSMP Density SMR, g/cc 0.6 Pressure, atm. 1
Oven Atmosphere Air Total Bed Wt., g 29.32
Calcined, C 800 Total Bed Vol., ml 40.0
(Wt. Adjusted)
Cycle H2 CH4 CO N2 CO2 M WGS CC CF
Avg. Cycle 
Time S gCO2 / gSorb
1 94.0 3.2 1.3 0.8 0.7 956.67 94.7% 88.2% 96.8% 14.86 0.1239 0.13
2 92.0 4.7 1.3 1.6 0.4 1094.67 94.3% 83.3% 98.2% 3.11 0.0248 0.03
3 92.1 4.6 1.2 1.8 0.3 1274.40 95.0% 83.6% 98.6% 2.50 0.0202 0.02
4 92.6 4.5 1.2 1.2 0.4 1454.84 94.9% 84.0% 98.3% 3.14 0.0253 0.03
5 92.5 4.7 1.2 1.1 0.5 1636.36 94.9% 83.5% 97.9% 4.47 0.0357 0.04
6 92.6 4.4 1.1 1.3 0.5 1816.99 95.1% 84.3% 97.7% 5.10 0.0412 0.04
7 92.7 4.5 1.1 0.9 0.6 1998.28 95.1% 84.0% 97.4% 6.41 0.0514 0.05
8 92.7 4.5 1.1 1.0 0.6 2179.64 95.1% 84.0% 97.3% 7.68 0.0614 0.06
9 92.9 4.5 1.2 0.7 0.7 2361.19 94.9% 84.1% 97.0% 9.00 0.0717 0.08
10 92.8 4.5 1.2 0.8 0.7 2541.28 94.9% 84.1% 96.9% 8.76 0.0698 0.07
11 93.0 4.4 1.2 0.8 0.7 2723.49 94.9% 84.6% 96.9% 12.00 0.0960 0.10
12 93.2 4.3 1.2 0.7 0.6 2906.33 95.1% 84.6% 97.2% 14.42 0.1162 0.12
13 93.1 4.3 1.2 0.7 0.7 3088.60 95.0% 84.7% 97.0% 16.32 0.1310 0.14
14 93.2 4.2 1.2 0.7 0.7 3270.52 94.9% 85.0% 96.9% 18.97 0.1527 0.16
15 93.3 4.2 1.2 0.6 0.7 3454.16 94.8% 85.1% 96.9% 22.06 0.1776 0.19
16 93.3 4.0 1.3 0.6 0.7 3635.35 94.6% 85.6% 96.7% 23.99 0.1935 0.20
17 93.5 3.9 1.3 0.5 0.8 3817.34 94.4% 86.1% 96.7% 25.22 0.2040 0.21
18 93.6 3.6 1.4 0.5 0.8 3997.53 94.0% 86.9% 96.5% 25.96 0.2107 0.22





24 94.7 3.2 1.2 0.4 0.5 5077.91 95.1% 88.2% 97.8% 25.22 0.2133 0.22
25 94.7 3.2 1.2 0.5 0.4 5256.83 95.1% 88.3% 98.1% 24.69 0.2096 0.22
26 94.5 3.5 1.1 0.5 0.4 5436.88 95.5% 87.4% 98.3% 22.86 0.1932 0.20
27 94.6 3.2 1.3 0.5 0.4 5616.90 94.6% 88.2% 98.3% 24.69 0.2087 0.22
28 94.8 3.1 1.2 0.5 0.4 5796.34 94.8% 88.5% 98.2% 23.38 0.1987 0.21
29 94.7 3.2 1.2 0.5 0.4 5975.72 95.1% 88.4% 98.2% 23.38 0.1989 0.21
30 94.7 3.2 1.2 0.5 0.4 6155.43 95.0% 88.3% 98.3% 23.44 0.1994 0.21
31 94.8 3.2 1.1 0.5 0.4 6334.71 95.3% 88.4% 98.3% 22.13 0.1886 0.20
32 94.7 3.1 1.1 0.6 0.4 6513.95 95.3% 88.6% 98.3% 22.16 0.1894 0.20
33 94.8 3.2 1.1 0.5 0.4 6693.93 95.3% 88.4% 98.2% 21.51 0.1834 0.19
34 94.8 3.1 1.1 0.6 0.4 6873.24 95.4% 88.7% 98.2% 21.48 0.1840 0.19
35 94.9 3.1 1.1 0.5 0.4 7053.02 95.4% 88.7% 98.2% 20.87 0.1788 0.19
36 94.8 3.1 1.1 0.5 0.4 7233.46 95.2% 88.6% 98.1% 20.85 0.1778 0.19
37 94.8 3.1 1.1 0.5 0.4 7413.46 95.3% 88.5% 98.1% 20.86 0.1778 0.19
38 94.9 3.0 1.1 0.6 0.4 7592.24 95.5% 89.0% 98.1% 20.27 0.1743 0.18
39 94.9 3.0 1.0 0.6 0.4 7772.20 95.7% 88.9% 98.1% 19.57 0.1681 0.18
40 94.8 3.1 1.0 0.6 0.4 7951.43 95.6% 88.7% 98.1% 19.66 0.1685 0.18
41 94.7 3.1 1.1 0.6 0.5 8131.79 95.6% 88.7% 97.9% 19.57 0.1674 0.18
42 94.9 3.1 1.0 0.5 0.5 8311.49 95.7% 88.6% 98.0% 18.95 0.1621 0.17
43
44
45 94.9 3.4 0.9 0.3 0.5 9030.14 96.3% 87.5% 97.8% 17.42 0.1480 0.16
46 94.9 3.4 0.9 0.2 0.5 9210.71 96.2% 87.5% 97.6% 16.42 0.1389 0.15
47 94.9 3.5 0.9 0.2 0.6 9390.30 96.3% 87.2% 97.6% 16.36 0.1381 0.15
48 94.9 3.4 0.9 0.2 0.6 9569.92 96.4% 87.5% 97.5% 16.42 0.1391 0.15
49 94.8 3.5 1.0 0.2 0.4 9750.13 96.0% 87.3% 98.0% 17.35 0.1469 0.15
50 94.6 3.5 0.9 0.5 0.5 9929.71 96.0% 87.4% 98.0% 16.87 0.1429 0.15
51 94.5 3.4 1.0 0.6 0.5 10108.77 96.0% 87.6% 98.0% 16.38 0.1390 0.15
52 94.3 3.9 0.9 0.4 0.4 10289.43 96.1% 86.2% 98.1% 15.31 0.1282 0.13
53 94.7 3.3 1.0 0.5 0.5 10468.61 96.0% 87.8% 97.8% 16.10 0.1367 0.14
54 94.9 3.3 0.9 0.4 0.5 10648.59 96.1% 88.1% 97.8% 14.74 0.1258 0.13
55 94.9 3.2 0.9 0.5 0.5 10828.36 96.2% 88.3% 97.8% 14.75 0.1262 0.13
56 94.9 3.2 0.9 0.4 0.5 11008.24 96.1% 88.3% 97.7% 14.73 0.1259 0.13
57 94.9 3.2 0.9 0.5 0.5 11187.78 96.4% 88.3% 97.7% 14.17 0.1213 0.13
58 94.9 3.2 0.9 0.4 0.6 11367.72 96.1% 88.3% 97.6% 14.09 0.1202 0.13
59 94.7 3.3 0.9 0.6 0.5 11547.24 96.3% 88.1% 97.7% 13.92 0.1187 0.12
60 94.7 3.3 0.9 0.5 0.6 11727.21 96.2% 87.9% 97.5% 13.92 0.1183 0.12
61 94.6 3.3 0.9 0.5 0.6 11907.20 96.2% 87.8% 97.4% 13.86 0.1175 0.12
62 94.8 3.3 0.9 0.5 0.6 12086.69 96.3% 87.9% 97.5% 13.29 0.1129 0.12
63 94.7 3.3 0.9 0.5 0.6 12266.83 96.3% 87.8% 97.3% 13.23 0.1122 0.12
64 94.8 3.3 0.9 0.4 0.6 12446.29 96.4% 87.9% 97.4% 12.62 0.1073 0.11
65 94.6 3.3 0.9 0.6 0.6 12626.64 96.3% 87.9% 97.3% 13.19 0.1119 0.12
66 94.5 3.4 0.9 0.5 0.6 12806.52 96.2% 87.6% 97.2% 13.24 0.1117 0.12
67 94.6 3.4 0.9 0.5 0.5 12986.59 96.2% 87.5% 98.1% 13.24 0.1124 0.12
68 94.6 3.5 0.9 0.5 0.5 13166.51 96.2% 87.4% 97.9% 13.19 0.1118 0.12
69 94.7 3.3 0.8 0.7 0.4 13345.56 96.6% 87.9% 98.2% 12.49 0.1071 0.11
70 94.5 3.5 0.9 0.5 0.5 13526.56 96.1% 87.3% 97.8% 12.70 0.1073 0.11
71 94.5 3.5 0.9 0.5 0.5 13706.31 96.1% 87.3% 97.8% 12.60 0.1065 0.11
72 94.5 3.4 0.9 0.6 0.5 13886.10 96.2% 87.6% 97.8% 12.58 0.1067 0.11
73 94.6 3.4 0.9 0.6 0.5 14065.77 96.2% 87.7% 97.9% 12.55 0.1067 0.11










































































































CO2 Sorption Catalyst ECM259002­2C Wt. CO2  extrudate, g 27.73 Reactor R1
Reforming Catalyst: 0.5% rhodium on Alumina) Engelhard Escat 326 Vol. CO2  extrudate, cc 32.5 S/C 3
Composition CO2  sorb CaO/Al203 (90/10) Density CO2, g/cc 0.9 GHSV, hr­1 390
Binder 15%Al203 Wt. SMR Cat., g 4.5 Reforming, °C 600
Batch No. PCB290040C Vol. SMR Cat., cc 7.5 Calcination, °C 800
Extruded by CSMP Density SMR, g/cc 0.6 Pressure, atm. 1
Oven Atmosphere N2 Total Bed Wt., g 32.23
Calcined, C 750 Total Bed Vol., ml 40.0
(Wt. Adjusted)





3 92.1 5.7 0.7 0.8 0.7 1013.23 97.1% 80.3% 96.9% 5.35 0.0372 0.05
4 92.6 5.3 0.7 0.6 0.7 1198.92 97.1% 81.6% 97.0% 10.71 0.0758 0.10
5 93.1 5.0 0.7 0.5 0.7 1384.62 97.0% 82.7% 97.1% 17.22 0.1235 0.16
6 93.4 4.8 0.7 0.5 0.7 1571.12 96.9% 83.4% 97.1% 23.22 0.1679 0.22
7 93.7 4.2 0.9 0.5 0.7 1753.79 96.3% 85.1% 97.0% 26.60 0.1948 0.25
8 94.0 3.8 1.0 0.4 0.7 1935.57 95.8% 86.2% 96.8% 27.83 0.2051 0.27
9 94.2 3.5 1.1 0.5 0.8 2114.88 95.4% 87.4% 96.7% 28.24 0.2100 0.27
10 94.2 3.3 1.3 0.4 0.8 2296.75 94.6% 87.9% 96.6% 29.30 0.2170 0.28
11 94.5 3.1 1.3 0.4 0.8 2475.46 94.7% 88.6% 96.6% 28.35 0.2119 0.28
12 94.5 2.9 1.3 0.4 0.8 2655.29 94.5% 89.2% 96.6% 28.29 0.2124 0.28
13 94.6 3.0 1.2 0.4 0.7 2835.81 94.9% 88.9% 96.9% 29.15 0.2198 0.29
14 94.6 2.9 1.3 0.4 0.8 3014.17 94.5% 89.4% 96.5% 26.67 0.2005 0.26
15 94.9 2.7 1.3 0.3 0.8 3193.97 94.5% 90.0% 96.7% 26.63 0.2019 0.26
16 94.9 2.6 1.3 0.4 0.8 3373.82 94.4% 90.3% 96.7% 26.80 0.2036 0.26
17 94.9 2.6 1.3 0.4 0.8 3553.35 94.5% 90.5% 96.7% 26.21 0.1998 0.26
18 94.9 2.5 1.4 0.4 0.8 3733.32 94.4% 90.5% 96.6% 26.20 0.1992 0.26
19 95.0 2.5 1.3 0.3 0.8 3913.28 94.5% 90.6% 96.6% 25.19 0.1922 0.25
20 95.0 2.5 1.4 0.4 0.8 4092.56 94.4% 90.6% 96.6% 25.59 0.1950 0.25
21 95.1 2.5 1.3 0.4 0.8 4272.45 94.5% 90.7% 96.6% 24.46 0.1869 0.24
22 95.0 2.5 1.3 0.4 0.8 4451.64 94.5% 90.7% 96.6% 24.54 0.1871 0.24
23 95.0 2.5 1.3 0.4 0.8 4631.96 94.4% 90.7% 96.6% 24.01 0.1832 0.24
24 95.0 2.5 1.3 0.5 0.8 4810.70 94.6% 90.7% 96.6% 24.03 0.1836 0.24
25 94.9 2.5 1.3 0.4 0.8 4990.91 94.4% 90.7% 96.5% 23.53 0.1792 0.23
26 94.9 2.6 1.4 0.4 0.8 5170.56 94.2% 90.5% 96.5% 23.47 0.1779 0.23
27 94.9 2.5 1.3 0.4 0.8 5350.07 94.4% 90.5% 96.5% 22.33 0.1698 0.22
28 94.8 2.5 1.4 0.4 0.8 5529.36 94.3% 90.5% 96.5% 22.40 0.1701 0.22
29 94.9 2.5 1.3 0.4 0.8 5708.95 94.4% 90.6% 96.4% 21.35 0.1622 0.21
30 94.8 2.6 1.4 0.4 0.8 5888.72 94.1% 90.4% 96.7% 21.26 0.1612 0.21
31 94.8 2.5 1.4 0.5 0.8 6067.94 94.2% 90.5% 96.6% 20.76 0.1576 0.20
32 94.8 2.5 1.4 0.5 0.8 6247.05 94.1% 90.5% 96.7% 20.09 0.1524 0.20
33 94.7 2.6 1.4 0.4 0.8 6427.06 94.0% 90.4% 96.5% 19.61 0.1483 0.19
34 94.7 2.6 1.4 0.5 0.8 6606.22 93.9% 90.4% 96.6% 19.11 0.1444 0.19
35 94.8 2.5 1.4 0.4 0.8 6785.80 94.1% 90.5% 96.6% 18.02 0.1366 0.18
36 94.7 2.6 1.5 0.4 0.8 6965.48 93.9% 90.3% 96.5% 17.94 0.1354 0.18
37 94.8 2.6 1.4 0.4 0.8 7145.00 94.1% 90.3% 96.6% 16.89 0.1279 0.17
38 94.6 2.6 1.4 0.6 0.8 7324.29 94.1% 90.3% 96.5% 16.86 0.1274 0.17
39 94.6 2.6 1.4 0.6 0.8 7503.41 94.1% 90.4% 96.6% 16.37 0.1241 0.16
40 93.9 3.1 1.6 0.6 0.8 7684.48 93.4% 88.7% 96.3% 16.83 0.1239 0.16
41 94.6 2.6 1.4 0.5 0.8 7862.99 94.0% 90.1% 96.5% 15.85 0.1194 0.16
42 94.6 2.7 1.5 0.4 0.8 8043.34 93.8% 90.1% 96.5% 15.12 0.1137 0.15
43 94.7 2.6 1.4 0.4 0.8 8222.40 94.1% 90.2% 96.5% 14.51 0.1095 0.14
44 94.6 2.6 1.4 0.6 0.8 8402.07 94.0% 90.2% 96.4% 14.52 0.1096 0.14
45 94.6 2.6 1.5 0.4 0.8 8582.07 93.9% 90.1% 96.4% 14.14 0.1063 0.14
46 94.5 2.6 1.4 0.6 0.8 8761.60 94.0% 90.4% 96.4% 14.15 0.1068 0.14
47 94.5 2.7 1.4 0.6 0.8 8941.48 94.2% 89.8% 96.6% 14.21 0.1070 0.14
48 94.6 2.7 1.4 0.5 0.8 9121.67 94.1% 89.9% 96.6% 13.65 0.1029 0.13
49 94.5 2.8 1.4 0.5 0.8 9301.42 94.1% 89.7% 96.5% 13.60 0.1022 0.13
50 94.4 2.8 1.4 0.6 0.8 9481.09 94.1% 89.7% 96.5% 13.56 0.1020 0.13
51 94.6 2.7 1.3 0.6 0.7 9660.17 94.6% 89.8% 96.8% 13.08 0.0992 0.13
52 94.6 2.7 1.4 0.5 0.8 9840.59 94.3% 89.8% 96.6% 12.96 0.0978 0.13
53 94.6 2.8 1.3 0.5 0.7 10020.62 94.4% 89.5% 96.8% 12.43 0.0938 0.12
54 94.3 2.9 1.4 0.6 0.8 10200.39 94.2% 89.3% 96.6% 13.01 0.0975 0.13










































































































CO2  Sorption Catalyst ECM259­011C Wt. CO2  extrudate, g 26.13 Reactor R2
Reforming Catalyst: 0.5% rhodium on Alumina) Engelhard Escat 326 Vol. CO2  extrudate, cc 32.5 S/C 3
Composition CO2  sorb CaO/Al203 (90/10) Density CO2, g/cc 0.8 GHSV, hr­1 390
Binder 15%Al203 Wt. SMR Cat., g 4.5 Reforming, °C 600
Batch No. Not Available Vol. SMR Cat., cc 7.5 Calcination, °C 800
Extruded by CSMP Density SMR, g/cc 0.6 Pressure, atm. 1
Oven Atmosphere N2 Total Bed Wt., g 30.63
Calcined, C 750 Total Bed Vol., ml 40.0
(Wt. Adjusted)
Cycle H2 CH4 CO N2 CO2 M WGS CC CF
Avg. Cycle 
Time S gCO2 / gSorb
1 93.0 3.4 1.5 1.7 0.4 365.18 93.8% 87.7% 98.0% 1.87 0.0148 0.02
2 93.5 3.6 1.4 0.9 0.6 547.59 94.2% 87.1% 97.3% 4.95 0.0386 0.05
3 93.0 4.4 1.4 0.4 0.7 752.46 94.2% 84.4% 96.7% 29.21 0.2194 0.26
4 94.7 2.3 1.9 0.3 0.7 932.66 92.3% 91.2% 96.7% 29.95 0.2382 0.28
5 95.0 1.9 2.0 0.3 0.7 1112.74 91.7% 92.8% 96.7% 30.30 0.2439 0.29
6 95.0 1.8 2.1 0.3 0.7 1292.71 91.3% 93.0% 96.6% 30.33 0.2434 0.29
7 95.0 1.8 2.1 0.4 0.7 1472.11 91.5% 93.0% 96.6% 29.68 0.2385 0.29
8 95.2 1.9 1.9 0.3 0.7 1650.83 92.0% 92.8% 96.7% 28.35 0.2292 0.27
9 95.1 1.8 1.8 0.4 0.8 1829.76 92.5% 93.0% 96.4% 27.48 0.2227 0.27
10 95.2 1.9 1.9 0.3 0.7 2010.21 92.3% 92.8% 96.7% 26.74 0.2166 0.26
11 95.0 1.9 1.9 0.4 0.7 2189.47 92.3% 92.8% 96.6% 27.30 0.2209 0.26
12 95.2 1.9 1.8 0.3 0.7 2369.47 92.5% 92.7% 96.6% 26.11 0.2116 0.25
13 95.0 1.9 1.8 0.4 0.8 2548.90 92.4% 92.6% 96.5% 26.70 0.2157 0.26
14 95.2 2.0 1.8 0.3 0.8 2728.82 92.6% 92.6% 96.6% 25.54 0.2069 0.25
15 95.0 2.0 1.8 0.4 0.8 2908.75 92.5% 92.5% 96.4% 26.53 0.2142 0.26
16 95.0 2.0 1.8 0.4 0.8 3088.15 92.7% 92.4% 96.6% 25.54 0.2067 0.25
17 95.0 2.0 1.9 0.3 0.7 3268.83 92.2% 92.4% 96.8% 26.19 0.2113 0.25
18 95.0 2.0 1.8 0.4 0.7 3448.31 92.5% 92.3% 96.8% 25.66 0.2075 0.25
19 95.0 2.1 1.8 0.3 0.7 3628.25 92.4% 92.2% 96.7% 25.45 0.2051 0.25
20 94.9 2.1 1.9 0.4 0.7 3808.34 92.2% 92.1% 96.6% 25.53 0.2050 0.25
21 94.9 2.0 1.8 0.4 0.8 3987.74 92.4% 92.2% 96.6% 24.78 0.1995 0.24
22 94.9 2.1 1.9 0.3 0.8 4167.73 92.3% 92.0% 96.5% 24.58 0.1972 0.24
23 94.9 2.1 1.8 0.4 0.8 4347.14 92.5% 92.0% 96.6% 23.90 0.1923 0.23
24 94.8 2.1 1.9 0.4 0.8 4526.38 92.3% 92.0% 96.4% 23.61 0.1892 0.23
25 94.8 2.1 1.8 0.5 0.8 4705.66 92.4% 92.1% 96.4% 22.97 0.1843 0.22
26 94.6 2.1 1.9 0.5 0.8 4885.64 92.1% 91.9% 96.3% 23.40 0.1867 0.22
27 94.8 2.1 1.9 0.4 0.8 5065.06 92.3% 92.0% 96.2% 21.77 0.1740 0.21
28 94.8 2.1 1.9 0.4 0.8 5244.27 92.3% 92.0% 96.2% 21.11 0.1688 0.20
29 94.7 2.2 1.9 0.4 0.9 5423.93 92.2% 91.8% 96.1% 21.02 0.1674 0.20
30 94.8 2.2 1.8 0.4 0.8 5603.07 92.5% 91.8% 96.2% 20.43 0.1632 0.20
31 94.5 2.2 1.9 0.5 0.9 5782.86 92.0% 91.8% 95.8% 20.41 0.1617 0.19
32 94.5 2.2 2.0 0.4 0.9 5963.05 91.9% 91.7% 95.6% 19.38 0.1528 0.18
33 94.5 2.1 1.9 0.5 0.9 6141.74 92.1% 91.9% 95.7% 19.07 0.1511 0.18
34 94.5 2.2 1.9 0.5 0.9 6321.19 92.2% 91.8% 95.7% 17.88 0.1417 0.17
35 94.4 2.2 1.9 0.6 1.0 6500.33 92.2% 91.8% 95.6% 17.91 0.1419 0.17
36 94.4 2.2 1.9 0.4 1.1 6680.66 92.1% 91.8% 95.0% 17.40 0.1367 0.16
37 94.5 2.2 1.9 0.4 1.0 6859.82 92.0% 91.7% 95.4% 16.71 0.1316 0.16
38 94.2 2.2 2.0 0.5 1.0 7039.56 91.8% 91.6% 95.2% 16.79 0.1316 0.16
39 94.3 2.2 1.9 0.6 1.0 7218.62 92.0% 91.8% 95.3% 16.18 0.1274 0.15
40 94.4 2.2 2.1 0.4 0.9 7399.15 91.4% 91.5% 95.8% 15.57 0.1221 0.15
41 94.2 2.3 2.1 0.6 0.9 7578.45 91.5% 91.5% 95.7% 16.04 0.1257 0.15
42 94.2 2.3 2.0 0.5 1.1 7758.11 91.7% 91.4% 95.0% 14.95 0.1166 0.14
43 94.0 2.2 2.1 0.7 1.0 7937.77 91.4% 91.5% 95.5% 14.87 0.1162 0.14
44 94.2 2.2 2.0 0.6 0.9 8116.85 91.7% 91.5% 95.7% 14.19 0.1115 0.13
45 94.1 2.3 2.1 0.5 1.0 8297.19 91.3% 91.3% 95.5% 13.62 0.1061 0.13
46 94.2 2.3 2.1 0.5 1.0 8476.56 91.4% 91.3% 95.5% 13.20 0.1031 0.12
47 94.0 2.3 2.1 0.6 1.0 8656.06 91.4% 91.3% 95.5% 13.08 0.1021 0.12
48 94.1 2.3 2.0 0.6 1.0 8835.22 91.6% 91.3% 95.6% 12.42 0.0972 0.12
49 94.0 2.3 2.0 0.7 1.0 9015.11 91.5% 91.4% 95.4% 12.42 0.0970 0.12
50 93.8 2.4 2.2 0.6 1.0 9195.41 91.0% 91.1% 95.1% 11.77 0.0908 0.11
51 94.0 2.3 2.1 0.5 1.0 9374.56 91.2% 91.1% 95.2% 11.13 0.0862 0.10
52 93.7 2.3 2.0 0.7 1.3 9554.24 91.6% 91.3% 93.9% 11.22 0.0862 0.10
53 94.0 2.3 2.0 0.7 1.0 9733.25 91.7% 91.3% 95.3% 10.52 0.0821 0.10
54 93.9 2.3 2.1 0.6 1.1 9913.67 91.3% 91.2% 95.0% 9.95 0.0770 0.09
55 94.1 2.3 2.0 0.6 1.0 10092.59 91.6% 91.4% 95.2% 9.26 0.0722 0.09
56 93.9 2.3 2.0 0.8 1.0 10272.22 91.7% 91.4% 95.2% 9.35 0.0730 0.09
57 94.0 2.3 2.0 0.7 1.0 10451.87 91.8% 91.4% 95.1% 9.29 0.0726 0.09
58 93.9 2.3 2.1 0.6 1.1 10632.01 91.4% 91.4% 94.8% 8.57 0.0664 0.08
59 93.4 2.3 1.9 0.9 1.3 10811.67 92.2% 91.3% 93.9% 8.72 0.0674 0.08
60 93.7 2.3 2.0 0.9 1.1 10991.30 91.6% 91.4% 94.8% 8.71 0.0677 0.08
61 94.1 2.2 1.9 0.7 1.0 11171.00 92.1% 91.4% 95.2% 7.48 0.0587 0.07
62 93.9 2.3 2.0 0.7 1.1 11350.95 91.7% 91.2% 94.7% 7.95 0.0617 0.07
63 93.9 2.2 1.8 1.1 1.0 11530.23 92.3% 91.6% 95.3% 7.49 0.0591 0.07
64 94.1 2.3 1.9 0.6 1.1 11710.44 92.0% 91.4% 95.1% 6.79 0.0532 0.06
65 94.0 2.3 1.9 0.7 1.1 11890.29 92.0% 91.3% 95.1% 6.84 0.0535 0.06
66 94.0 2.3 1.9 0.7 1.1 12069.70 92.1% 91.3% 95.0% 6.53 0.0510 0.06
67 93.9 2.2 1.8 1.0 1.0 12249.57 92.4% 91.6% 95.2% 6.78 0.0535 0.06
68 94.0 2.3 1.9 0.7 1.1 12429.98 92.0% 91.2% 95.0% 6.17 0.0482 0.06
69 94.1 2.2 1.8 0.8 1.1 12609.04 92.3% 91.5% 95.1% 5.79 0.0455 0.05
70 93.7 2.5 2.3 0.7 0.8 12790.63 90.6% 90.7% 96.3% 6.79 0.0526 0.06
71 94.0 2.3 2.1 0.8 0.8 12969.66 91.2% 91.2% 96.3% 6.49 0.0509 0.06
72 93.7 2.4 2.2 0.8 0.9 13150.37 90.7% 90.8% 95.9% 6.83 0.0528 0.06
73 93.9 2.4 2.2 0.7 0.9 13329.69 90.9% 91.1% 95.9% 6.57 0.0511 0.06
74 93.9 2.3 2.1 0.8 0.9 13509.75 91.2% 91.2% 95.9% 6.33 0.0494 0.06
75 93.5 2.4 2.0 1.2 0.9 13689.44 91.4% 91.1% 96.0% 6.37 0.0499 0.06
76 93.7 2.3 2.1 1.0 0.9 13869.29 91.4% 91.1% 95.9% 6.34 0.0496 0.06










































































































CO2  Sorption Catalyst *ECM259012C Wt. CO2  extrudate, g 26.57 Reactor R2
Reforming Catalyst: 0.5% rhodium on Alumina) Engelhard Escat 326 Vol. CO2  extrudate, cc 32.5 S/C 3
Composition CO2  sorb CaO/Al203 (90/10) Density CO2, g/cc 0.8 GHSV, hr­1 390
Binder 15%Al203 Wt. SMR Cat., g 4.5 Reforming, °C 600
Batch No. ECM259007­009 Vol. SMR Cat., cc 7.5 Calcination, °C 800
Extruded by CSMP Density SMR, g/cc 0.6 Pressure, atm. 1
Oven Atmosphere Air Total Bed Wt., g 31.07
Calcined, C 750 Total Bed Vol., ml 40.0
(Wt. Adjusted)
Cycle H2 CH4 CO N2 CO2 M WGS CC CF
Avg. Cycle 
Time S gCO2 / gSorb
1 91.9 4.7 1.2 1.8 0.3 376.29 94.7% 83.2% 98.8% 1.22 0.0091 0.01
2 93.1 3.8 1.4 1.2 0.6 560.05 94.2% 86.4% 97.5% 5.58 0.0426 0.05
3 92.8 4.5 1.3 0.7 0.7 754.65 94.3% 84.2% 97.0% 20.37 0.1509 0.19
4 93.9 3.1 1.7 0.5 0.7 941.09 92.7% 88.6% 96.8% 26.86 0.2056 0.26
5 94.6 2.3 2.0 0.4 0.7 1121.07 91.9% 91.4% 96.7% 27.05 0.2113 0.27
6 94.9 2.0 2.0 0.4 0.7 1300.47 91.8% 92.5% 96.8% 26.02 0.2057 0.26
7 94.9 1.8 2.0 0.5 0.7 1480.30 91.6% 92.9% 96.7% 26.04 0.2062 0.26
8 95.0 1.8 2.1 0.4 0.7 1660.41 91.4% 93.1% 96.6% 25.93 0.2051 0.26
9 95.0 1.8 2.0 0.4 0.7 1839.91 91.6% 93.0% 96.6% 25.51 0.2021 0.26
10 95.0 1.8 2.0 0.4 0.7 2019.33 91.8% 92.9% 96.6% 24.84 0.1969 0.25
11 95.0 1.8 1.9 0.4 0.7 2198.81 92.0% 93.0% 96.6% 24.30 0.1932 0.24
12 95.0 1.9 2.0 0.4 0.8 2378.93 91.8% 92.9% 96.5% 24.10 0.1908 0.24
13 95.0 1.9 2.0 0.4 0.8 2558.70 91.9% 92.8% 96.5% 23.63 0.1871 0.24
14 95.0 1.9 1.9 0.4 0.8 2737.85 92.0% 92.8% 96.4% 23.76 0.1882 0.24
15 94.9 1.9 2.0 0.4 0.7 2918.19 91.8% 92.6% 96.7% 23.70 0.1875 0.24
16 94.9 2.0 2.0 0.4 0.7 3097.99 91.8% 92.5% 96.7% 23.26 0.1837 0.23
17 94.7 2.0 2.1 0.5 0.8 3278.03 91.5% 92.4% 96.5% 23.92 0.1878 0.24
18 94.8 2.0 1.9 0.5 0.7 3457.30 92.0% 92.4% 96.6% 22.66 0.1789 0.23
19 94.7 2.1 2.1 0.4 0.8 3637.88 91.5% 92.2% 96.4% 22.74 0.1778 0.23
20 94.8 2.0 1.9 0.5 0.8 3816.74 91.9% 92.3% 96.5% 22.06 0.1737 0.22
21 94.6 2.1 2.0 0.5 0.8 3996.30 91.8% 92.2% 96.3% 22.16 0.1737 0.22
22 94.6 2.1 2.0 0.4 0.8 4176.37 91.6% 92.0% 96.2% 21.51 0.1678 0.21
23 94.7 2.1 2.0 0.4 0.8 4355.37 91.7% 92.2% 96.1% 20.92 0.1636 0.21
24 94.5 2.1 2.0 0.5 0.9 4534.96 91.6% 92.0% 96.0% 20.47 0.1593 0.20
25 94.5 2.1 2.0 0.4 0.9 4714.47 91.5% 91.9% 95.9% 19.96 0.1550 0.20
26 94.5 2.1 2.0 0.5 0.9 4893.65 91.7% 92.0% 95.9% 18.64 0.1451 0.18
27 94.4 2.1 2.0 0.6 0.9 5072.91 91.6% 91.9% 95.8% 18.98 0.1472 0.19
28 94.4 2.2 2.0 0.5 0.9 5252.46 91.7% 91.8% 95.7% 17.76 0.1376 0.17
29 94.3 2.2 2.1 0.5 1.0 5432.42 91.4% 91.8% 95.4% 17.19 0.1324 0.17
30 94.4 2.2 2.1 0.5 0.8 5611.89 91.1% 91.8% 96.1% 17.08 0.1322 0.17
31 94.2 2.2 2.2 0.4 0.9 5791.96 90.9% 91.6% 95.7% 16.57 0.1271 0.16
32 94.3 2.2 2.1 0.5 0.9 5970.71 91.2% 91.6% 95.7% 15.80 0.1216 0.15
33 94.2 2.2 2.1 0.6 0.9 6149.77 91.4% 91.7% 95.8% 15.23 0.1177 0.15
34 94.3 2.2 2.1 0.4 0.9 6329.69 91.2% 91.7% 95.6% 14.66 0.1128 0.14
35 94.1 2.2 2.1 0.7 0.9 6508.93 91.2% 91.6% 95.7% 14.58 0.1122 0.14
36 94.2 2.2 2.2 0.4 1.0 6688.91 91.0% 91.5% 95.4% 13.95 0.1068 0.14
37 94.0 2.2 2.1 0.7 1.0 6868.23 91.1% 91.6% 95.4% 13.90 0.1065 0.14
38 93.8 2.3 2.2 0.7 1.0 7048.01 90.9% 91.4% 95.2% 13.28 0.1012 0.13
39 94.0 2.2 2.2 0.5 1.1 7227.81 90.8% 91.5% 95.0% 12.65 0.0962 0.12
40 93.9 2.3 2.2 0.6 1.0 7407.17 91.0% 91.4% 95.1% 12.12 0.0923 0.12
41 93.9 2.3 2.2 0.6 1.1 7586.59 90.9% 91.4% 95.0% 12.03 0.0915 0.12
42 93.9 2.2 2.2 0.6 1.1 7766.55 90.8% 91.4% 94.8% 11.35 0.0861 0.11
43 93.8 2.2 2.2 0.7 1.1 7945.76 90.9% 91.5% 94.8% 11.40 0.0866 0.11
44 93.8 2.3 2.2 0.7 1.1 8125.53 90.9% 91.3% 94.8% 10.73 0.0814 0.10
45 93.9 2.3 2.2 0.5 1.1 8305.20 90.9% 91.3% 94.8% 10.10 0.0765 0.10
46 93.4 2.6 2.3 0.4 1.2 8666.85 90.2% 90.1% 94.0% 4.89 0.0360 0.05
47 93.4 2.6 2.1 0.9 1.0 8843.69 91.4% 90.2% 95.1% 8.74 0.0660 0.08
48 93.6 2.7 2.1 0.5 1.1 9024.36 91.1% 89.9% 94.9% 7.74 0.0579 0.07
49 93.7 2.7 2.1 0.4 1.1 9203.98 91.2% 89.9% 94.8% 7.68 0.0575 0.07
50 93.5 2.6 2.1 0.6 1.1 9383.57 91.3% 90.1% 94.8% 7.73 0.0580 0.07
51 93.5 2.7 2.1 0.5 1.1 9563.20 91.2% 90.0% 94.7% 7.69 0.0576 0.07
52 93.7 2.7 2.3 0.4 0.8 9744.36 90.2% 90.1% 96.0% 7.71 0.0579 0.07
53 93.5 2.6 2.3 0.8 0.9 9923.89 90.4% 90.3% 95.9% 8.06 0.0608 0.08
54 93.6 2.6 2.3 0.5 0.9 10103.77 90.2% 90.3% 95.7% 7.57 0.0569 0.07
55 93.5 2.5 2.2 0.9 0.9 10283.09 90.8% 90.6% 95.9% 7.62 0.0579 0.07
56 93.5 2.5 2.2 0.9 0.9 10462.86 90.6% 90.5% 95.8% 7.70 0.0583 0.07
57 93.5 2.6 2.3 0.6 1.0 10643.49 90.2% 90.2% 95.4% 7.12 0.0532 0.07
58 93.5 2.5 2.1 1.0 0.9 10821.98 91.1% 90.7% 96.0% 7.00 0.0535 0.07
59 93.6 2.6 2.2 0.7 0.9 11002.49 90.6% 90.4% 95.6% 6.47 0.0488 0.06
60 93.3 2.5 2.2 1.0 0.9 11182.03 90.7% 90.5% 95.5% 7.06 0.0533 0.07
61 93.7 2.5 2.2 0.6 1.0 11361.98 90.9% 90.5% 95.5% 5.76 0.0436 0.06
62 93.2 2.6 2.3 0.9 1.1 11542.22 90.4% 90.3% 95.0% 6.33 0.0472 0.06
63 93.3 2.6 2.4 0.6 1.1 11722.18 90.1% 90.3% 94.7% 6.32 0.0469 0.06
64 93.5 2.5 2.2 0.7 1.0 11901.55 90.8% 90.5% 95.2% 5.76 0.0434 0.05
65 93.6 2.6 2.2 0.5 1.1 12081.66 90.6% 90.3% 94.8% 5.69 0.0425 0.05
66 93.3 2.6 2.3 0.7 1.2 12261.83 90.4% 90.3% 94.5% 5.68 0.0422 0.05
67 93.7 2.5 2.2 0.6 1.1 12441.27 91.0% 90.6% 94.9% 5.04 0.0380 0.05
68 93.6 2.5 2.1 0.8 1.1 12621.01 91.3% 90.7% 95.1% 5.00 0.0379 0.05
69 93.1 2.5 2.1 1.2 1.1 12800.90 91.2% 90.5% 95.0% 5.02 0.0379 0.05
70 93.5 2.6 2.3 0.8 0.8 12981.61 90.2% 90.4% 96.2% 5.66 0.0428 0.05
71 93.1 2.6 2.4 1.1 0.9 13161.53 90.0% 90.3% 95.7% 5.62 0.0422 0.05
72 93.2 2.6 2.3 1.0 0.9 13341.20 90.3% 90.2% 95.9% 5.68 0.0427 0.05
73 93.3 2.6 2.4 0.7 1.0 13521.54 90.1% 90.2% 95.4% 5.09 0.0380 0.05
74 93.4 2.6 2.4 0.6 1.0 13701.33 90.1% 90.2% 95.4% 5.06 0.0377 0.05
75 93.3 2.6 2.3 0.8 1.0 13881.12 90.3% 90.2% 95.5% 5.03 0.0376 0.05
76 93.3 2.6 2.3 0.7 1.0 14061.43 90.2% 90.2% 95.2% 4.39 0.0328 0.04










































































































CO2  Sorption Catalyst *ECM259013C Wt. CO2  extrudate, g 24.75 Reactor R1
Reforming Catalyst: 0.5% rhodium on Alumina) Engelhard SRXX Vol. CO2  extrudate, cc 32.5 S/C 3
Composition CO2  sorb CaO/Al2O3 (90/10) Density CO2, g/cc 0.8 GHSV, hr­1 390
Binder 15%Al203 Wt. SMR Cat., g 4.5 Reforming, °C 600
Batch No. HCB326030B Vol. SMR Cat., cc 7.5 Calcination, °C 800
Extruded by CSMP Density SMR, g/cc 0.6 Pressure, atm. 1
Oven Atmosphere Air Total Bed Wt., g 29.25
Calcined, C 750 Total Bed Vol., ml 40.0
(Wt. Adjusted)
Cycle H2 CH4 CO N2 CO2 M WGS CC CF
Avg. Cycle 
Time S gCO2 / gSorb
1 94.7 3.3 1.0 0.3 0.6 302.59 95.8% 87.9% 97.3% 29.74 0.0042 0.28
2 93.3 4.8 0.9 0.3 0.7 481.64 96.0% 83.1% 97.1% 29.96 0.0040 0.26
3 93.3 4.8 0.9 0.3 0.7 661.61 96.0% 83.4% 97.1% 29.18 0.0040 0.26
4 93.8 4.3 1.0 0.2 0.7 841.00 95.9% 84.7% 97.1% 28.78 0.0041 0.26
5 93.6 4.2 1.1 0.3 0.7 1021.67 95.3% 85.0% 96.9% 29.20 0.0041 0.26
6 93.8 4.0 1.2 0.3 0.7 1200.74 95.0% 85.9% 96.8% 29.09 0.0041 0.26
7 94.1 3.6 1.2 0.2 0.8 1381.77 94.8% 87.0% 96.6% 27.58 0.0041 0.25
8 94.2 3.4 1.2 0.4 0.7 1559.29 95.0% 87.5% 96.7% 27.28 0.0042 0.25
9 94.2 3.4 1.2 0.3 0.8 1739.75 94.8% 87.6% 96.6% 26.82 0.0041 0.24
10 94.7 3.1 1.1 0.3 0.7 1916.42 95.3% 88.7% 96.9% 23.80 0.0042 0.22
11 94.4 3.3 1.2 0.3 0.8 2097.45 94.9% 88.0% 96.7% 25.15 0.0042 0.23
12 94.5 3.3 1.2 0.3 0.7 2277.14 95.1% 88.0% 96.8% 24.08 0.0042 0.22
13 94.4 3.3 1.2 0.4 0.7 2459.00 95.2% 87.9% 96.8% 26.05 0.0042 0.24
14 94.1 3.5 1.2 0.4 0.7 2636.08 95.0% 87.3% 96.8% 23.24 0.0041 0.21
15 94.5 3.2 1.2 0.4 0.8 2815.81 95.0% 88.4% 96.6% 22.99 0.0042 0.21
16 94.7 3.0 1.1 0.4 0.7 2994.90 95.4% 88.9% 96.8% 22.24 0.0042 0.21
17 94.3 3.3 1.2 0.5 0.8 3174.64 95.2% 88.1% 96.7% 22.59 0.0042 0.21
18 94.5 3.0 1.2 0.5 0.8 3354.97 95.0% 89.0% 96.4% 22.54 0.0042 0.21
19 94.7 2.9 1.2 0.4 0.8 3534.13 95.2% 89.2% 96.5% 21.50 0.0042 0.20
20 94.7 3.0 1.1 0.5 0.8 3713.80 95.3% 89.0% 96.6% 21.17 0.0042 0.20
21 94.8 2.8 1.1 0.4 0.8 3892.88 95.3% 89.6% 96.5% 20.68 0.0043 0.19
22 94.4 3.1 1.2 0.5 0.8 4073.39 95.2% 88.7% 96.3% 21.06 0.0042 0.19
23 94.8 2.9 1.1 0.4 0.8 4253.04 95.4% 89.4% 96.5% 20.47 0.0042 0.19
24 94.6 3.0 1.1 0.4 0.8 4432.91 95.2% 89.0% 96.4% 20.04 0.0042 0.19
25 94.7 2.8 1.1 0.5 0.9 4611.51 95.4% 89.7% 96.1% 19.73 0.0043 0.18
26 94.9 2.8 1.0 0.5 0.7 4790.43 95.8% 89.6% 96.8% 18.15 0.0043 0.17
27 95.0 2.6 1.0 0.5 0.8 4970.09 95.7% 90.2% 96.6% 17.89 0.0043 0.17
28 94.8 2.7 1.2 0.4 0.9 5151.54 95.1% 89.9% 95.9% 18.75 0.0042 0.17
29 94.9 2.6 1.1 0.5 0.9 5330.36 95.5% 90.2% 96.2% 18.36 0.0043 0.17
30 94.6 2.9 1.1 0.6 0.8 5508.69 95.6% 89.3% 96.6% 16.67 0.0043 0.16
31 94.6 3.1 1.2 0.4 0.7 5690.00 95.2% 88.5% 96.8% 17.23 0.0042 0.16
32 94.4 3.0 1.2 0.7 0.8 5869.33 95.1% 89.0% 96.7% 17.06 0.0042 0.16
33 94.5 2.8 1.2 0.5 0.9 6050.75 94.8% 89.6% 96.0% 18.18 0.0042 0.17
34 94.3 3.2 1.2 0.5 0.8 6228.98 95.0% 88.3% 96.4% 16.20 0.0042 0.15
35 94.8 2.7 1.2 0.5 0.9 6408.85 95.0% 90.1% 96.2% 15.84 0.0043 0.15
36 94.3 3.2 1.2 0.5 0.8 6588.56 95.1% 88.2% 96.3% 15.68 0.0042 0.14
37 94.7 2.8 1.2 0.4 0.9 6768.31 95.1% 89.6% 96.2% 14.90 0.0042 0.14
38 94.9 2.7 1.1 0.6 0.8 6946.68 95.5% 90.1% 96.5% 14.42 0.0043 0.14
39 94.6 2.7 1.1 0.7 0.8 7127.57 95.3% 89.8% 96.3% 15.18 0.0043 0.14
40 94.3 3.1 1.2 0.4 0.9 7309.20 95.1% 88.5% 96.0% 15.95 0.0042 0.15
41 94.2 3.0 1.2 0.7 0.9 7487.00 95.0% 89.0% 96.2% 13.97 0.0042 0.13
42 94.4 3.1 1.1 0.5 0.9 7666.93 95.2% 88.8% 96.1% 13.53 0.0042 0.12
43 93.7 3.6 1.1 0.8 0.8 7845.76 95.2% 87.1% 96.6% 12.68 0.0041 0.12
44 93.6 3.5 1.2 0.7 0.9 8026.27 94.8% 87.2% 95.9% 13.63 0.0041 0.12
45 93.6 3.6 1.2 0.6 0.9 8206.74 94.7% 87.0% 95.9% 13.51 0.0041 0.12
46 94.6 2.8 1.1 0.5 0.9 8386.67 95.2% 89.4% 95.9% 13.33 0.0042 0.12
47 94.1 3.3 1.2 0.5 0.9 8566.68 95.0% 88.0% 96.0% 12.66 0.0041 0.12
48 94.4 3.1 1.1 0.5 0.9 8746.26 95.4% 88.5% 96.1% 12.17 0.0042 0.11
49 94.7 2.9 1.1 0.5 0.9 8925.89 95.5% 89.4% 96.1% 11.92 0.0042 0.11
50 93.7 3.6 1.3 0.5 1.0 9106.87 94.6% 87.0% 95.6% 12.25 0.0041 0.11
51 94.7 2.9 1.0 0.5 0.9 9284.61 95.6% 89.3% 96.2% 10.50 0.0042 0.10
52 96.6 2.5 0.2 0.5 0.3 9466.20 99.3% 90.8% 98.7% 13.16 0.0046 0.13
53 90.5 3.2 3.4 0.7 2.2 9816.01 85.6% 88.1% 88.8% 0.83 0.0035 0.01
54 94.6 4.2 0.1 0.8 0.2 10006.93 99.6% 85.1% 99.1% 14.07 0.0043 0.13
55 94.0 4.9 0.1 0.7 0.2 10188.83 99.5% 83.1% 99.1% 15.62 0.0042 0.14
56 94.3 4.8 0.1 0.6 0.2 10366.73 99.5% 83.4% 99.3% 12.45 0.0042 0.12
57 94.2 5.0 0.1 0.5 0.2 10546.94 99.5% 82.7% 99.3% 12.30 0.0042 0.11
58 93.7 5.3 0.4 0.5 0.2 10727.44 98.4% 82.0% 99.2% 13.00 0.0041 0.12
59 94.3 4.4 0.3 0.6 0.3 10905.53 98.8% 84.4% 98.4% 11.49 0.0042 0.11
60 94.7 4.4 0.1 0.6 0.2 11085.05 99.5% 84.6% 99.2% 11.66 0.0043 0.11
61 95.1 4.1 0.1 0.5 0.1 11265.11 99.6% 85.3% 99.4% 10.61 0.0044 0.10
62 93.6 5.3 0.1 0.7 0.2 11446.47 99.4% 81.8% 99.2% 12.04 0.0042 0.11
84 92.1 6.8 0.1 0.9 0.0 15898.33 99.6% 77.5% 100.0% 11.46 0.0040 0.10
85 93.0 5.8 0.1 0.9 0.1 16076.80 99.6% 80.1% 99.4% 9.43 0.0041 0.08
86 93.3 5.6 0.1 0.8 0.1 16255.55 99.6% 80.7% 99.5% 8.30 0.0041 0.08
87 93.6 5.3 0.1 0.9 0.1 16434.90 99.7% 81.7% 99.6% 7.63 0.0042 0.07
88 93.5 5.3 0.1 1.0 0.1 16614.97 99.7% 81.6% 99.6% 8.27 0.0042 0.08
89 93.3 5.7 0.1 0.8 0.1 16795.51 99.6% 80.6% 99.5% 7.97 0.0041 0.07
90 92.7 6.2 0.1 0.8 0.2 16975.58 99.5% 78.9% 99.3% 7.08 0.0040 0.06
91 94.1 5.0 0.1 0.7 0.1 17154.51 99.6% 82.7% 99.6% 6.52 0.0042 0.06
92 94.5 4.6 0.1 0.7 0.1 17336.73 99.7% 84.1% 99.7% 9.05 0.0043 0.09
93 96.1 3.2 0.1 0.3 0.3 17529.39 99.7% 88.8% 98.8% 2.50 0.0045 0.02
94 92.5 6.1 0.1 1.1 0.1 18234.83 99.6% 79.3% 99.5% 6.81 0.0041 0.06
95 92.0 6.9 0.1 0.8 0.1 18415.72 99.5% 77.0% 99.5% 7.19 0.0039 0.06
96 92.9 5.9 0.1 1.0 0.1 18595.41 99.5% 79.8% 99.6% 6.94 0.0041 0.06
97 94.0 5.0 0.1 0.8 0.1 18774.11 99.7% 82.6% 99.6% 5.69 0.0042 0.05
98 93.0 6.0 0.1 0.8 0.1 18956.32 99.6% 79.7% 99.6% 7.53 0.0041 0.07
99 92.8 6.1 0.1 0.8 0.1 19133.60 99.5% 79.3% 99.6% 4.82 0.0041 0.04
100 93.0 5.8 0.1 1.0 0.1 19314.05 99.6% 80.2% 99.7% 5.82 0.0041 0.05
101 92.1 6.7 0.1 0.9 0.1 19496.03 99.5% 77.7% 99.5% 6.95 0.0040 0.06
102 92.8 6.0 0.1 0.9 0.1 19674.09 99.6% 79.5% 99.6% 5.60 0.0041 0.05
103 92.6 6.1 0.1 1.1 0.1 19854.47 99.6% 79.5% 99.5% 6.22 0.0041 0.06
104 93.0 5.7 0.1 1.1 0.1 20034.13 99.6% 80.5% 99.6% 6.25 0.0041 0.06
105 92.6 6.3 0.1 0.8 0.1 20215.86 99.6% 78.8% 99.6% 6.77 0.0040 0.06
106 93.3 5.6 0.1 0.9 0.1 20395.10 99.6% 80.8% 99.6% 7.24 0.0041 0.07
107 92.8 6.0 0.1 1.0 0.1 20574.26 99.5% 79.7% 99.6% 5.72 0.0041 0.05
108 93.8 4.9 0.1 1.1 0.1 20753.69 99.6% 83.0% 99.6% 4.99 0.0043 0.05
109 92.4 6.5 0.1 0.8 0.1 20935.77 99.5% 78.2% 99.6% 7.02 0.0040 0.06
110 93.0 6.0 0.1 0.8 0.1 21114.60 99.5% 79.7% 99.6% 4.33 0.0041 0.04
111 92.4 6.3 0.1 1.0 0.1 21295.02 99.5% 78.9% 99.6% 7.05 0.0040 0.06
112 93.2 5.7 0.1 0.9 0.1 21475.51 99.6% 80.6% 99.6% 6.22 0.0041 0.06
113 92.8 6.1 0.1 0.9 0.1 21653.98 99.6% 79.2% 99.7% 5.12 0.0041 0.05
114 92.8 6.1 0.1 0.9 0.1 21834.29 99.5% 79.3% 99.6% 4.97 0.0041 0.04
115 92.3 6.5 0.1 0.9 0.1 22014.77 99.4% 78.0% 99.6% 6.35 0.0040 0.06
116 94.1 4.5 0.1 1.2 0.1 22193.01 99.7% 84.1% 99.7% 5.03 0.0043 0.05
117 92.3 6.2 0.1 1.2 0.1 22374.30 99.5% 79.0% 99.6% 5.67 0.0040 0.05
118 91.7 6.8 0.1 1.3 0.1 22554.02 99.6% 77.4% 99.6% 5.96 0.0040 0.05
119 92.3 6.3 0.1 1.2 0.1 22733.75 99.5% 78.7% 99.6% 5.15 0.0040 0.05
120 92.7 6.2 0.1 0.8 0.1 22914.09 99.5% 79.1% 99.6% 5.25 0.0040 0.05
121 92.3 6.5 0.1 0.9 0.1 23094.61 99.5% 78.2% 99.6% 5.38 0.0040 0.05
122 93.3 5.7 0.1 0.8 0.1 23274.23 99.5% 80.6% 99.6% 5.76 0.0041 0.05
123 91.9 6.9 0.1 0.9 0.1 23453.77 99.4% 77.0% 99.6% 4.43 0.0039 0.04
124 92.8 5.9 0.1 1.1 0.1 23634.15 99.5% 80.0% 99.6% 5.02 0.0041 0.05
125 91.8 6.8 0.1 1.1 0.1 23813.04 99.5% 77.1% 99.6% 4.45 0.0039 0.04
126 93.2 4.6 0.1 2.0 0.1 23991.11 99.7% 83.8% 99.7% 3.10 0.0043 0.03
127 91.9 7.0 0.1 0.9 0.1 24173.81 99.6% 76.9% 99.6% 5.08 0.0039 0.04
128 93.0 5.8 0.1 0.9 0.1 24354.60 99.6% 80.1% 99.5% 5.60 0.0041 0.05
129 92.8 6.1 0.1 0.8 0.1 24532.50 99.6% 79.3% 99.7% 3.79 0.0041 0.03
130 92.3 6.3 0.1 1.1 0.1 24712.85 99.6% 78.6% 99.6% 3.97 0.0040 0.04
131 91.8 6.7 0.1 1.3 0.1 24893.73 99.6% 77.6% 99.6% 4.91 0.0040 0.04
132 93.0 5.9 0.1 0.9 0.1 25073.61 99.5% 80.0% 99.5% 4.52 0.0041 0.04
133 92.5 6.6 0.1 0.8 0.1 25253.08 99.7% 77.9% 99.6% 2.52 0.0040 0.02
134 92.5 5.9 0.1 1.3 0.1 25433.06 99.6% 79.8% 99.6% 5.03 0.0041 0.05















































































































CO2 Sorption Catalyst *ECM259013C Wt. CO2  extrudate, g 24.72 Reactor R2
Reforming Catalyst: 0.5% rhodium on Alumina) Engelhard Escat 326  Vol. CO2  extrudate, cc 32.5 S/C 3
Composition CO2  sorb CaO/Al2O3 (90/10) Density CO2, g/cc 0.8 GHSV, hr­1 390
Binder 15%Al203 Wt. SMR Cat., g 4.5 Reforming, °C 600
Batch No. HCB326030B Vol. SMR Cat., cc 7.5 Calcination, °C 800
Extruded by CSMP Density SMR, g/cc 0.6 Pressure, atm. 1
Oven Atmosphere Air Total Bed Wt., g 29.22
Calcined, C 750 Total Bed Vol., ml 40.0
(Wt. Adjusted)
Cycle H2 CH4 CO N2 CO2 M WGS CC CF
Avg. Cycle 
Time S gCO2 / gSorb
1 92.6 3.8 1.8 1.1 0.7 275.43 92.5% 86.4% 96.7% 2.56 0.0040 0.02
2 92.9 3.9 1.8 0.6 0.8 459.24 92.6% 86.1% 96.2% 6.33 0.0040 0.05
3 92.9 3.9 2.0 0.2 0.9 656.23 91.6% 86.0% 95.9% 23.80 0.0039 0.19
4 94.1 2.4 2.3 0.3 0.9 837.99 90.2% 91.1% 95.9% 25.77 0.0041 0.21
5 94.3 2.0 2.4 0.3 0.9 1018.33 89.9% 92.4% 95.8% 25.85 0.0041 0.21
6 94.5 1.9 2.4 0.2 0.9 1197.97 90.1% 92.6% 95.8% 25.11 0.0041 0.21
7 94.4 2.0 2.4 0.3 0.9 1378.01 90.1% 92.5% 95.8% 25.03 0.0041 0.21
8 94.3 2.0 2.4 0.4 0.9 1557.11 90.3% 92.3% 95.9% 25.10 0.0041 0.21
9 94.2 2.1 2.4 0.3 0.9 1737.96 90.0% 92.0% 95.7% 25.03 0.0041 0.21
10 94.3 2.1 2.3 0.3 0.9 1917.10 90.4% 92.0% 95.8% 24.46 0.0041 0.20
11 94.2 2.2 2.3 0.4 0.9 2097.09 90.4% 91.8% 95.7% 24.78 0.0041 0.20
12 94.2 2.2 2.3 0.3 0.9 2277.32 90.3% 91.7% 95.6% 24.27 0.0041 0.20
13 94.3 2.2 2.3 0.3 0.9 2456.97 90.6% 91.7% 95.7% 24.01 0.0041 0.20
14 94.3 2.2 2.3 0.3 0.9 2636.64 90.6% 91.6% 95.7% 23.80 0.0041 0.20
15 94.2 2.2 2.3 0.3 0.9 2816.69 90.6% 91.5% 95.6% 23.86 0.0041 0.20
16 94.3 2.2 2.2 0.3 0.9 2996.17 90.9% 91.6% 95.7% 23.40 0.0041 0.19
17 94.3 2.2 2.2 0.3 0.9 3176.25 90.8% 91.5% 95.6% 22.87 0.0041 0.19
18 94.2 2.3 2.2 0.3 0.9 3356.23 90.7% 91.4% 95.6% 22.58 0.0041 0.19
19 94.1 2.3 2.2 0.4 1.0 3535.80 90.7% 91.4% 95.4% 23.16 0.0041 0.19
20 94.1 2.3 2.2 0.4 1.0 3715.40 90.9% 91.4% 95.5% 22.77 0.0041 0.19
21 94.2 2.3 2.1 0.4 1.0 3894.58 91.1% 91.4% 95.6% 22.37 0.0041 0.18
22 94.2 2.3 2.2 0.3 1.0 4075.58 90.8% 91.3% 95.3% 21.92 0.0041 0.18
23 94.1 2.3 2.2 0.4 1.0 4254.49 91.0% 91.3% 95.4% 21.91 0.0041 0.18
24 94.1 2.3 2.2 0.3 1.0 4434.79 90.8% 91.2% 95.2% 21.91 0.0041 0.18
25 94.1 2.3 2.2 0.3 1.0 4614.33 90.9% 91.3% 95.2% 21.34 0.0041 0.17
26 94.0 2.3 2.2 0.5 1.0 4793.56 91.0% 91.2% 95.1% 21.27 0.0041 0.17
27 94.0 2.4 2.2 0.4 1.1 4973.74 90.9% 91.1% 95.0% 20.20 0.0041 0.16
28 94.0 2.4 2.2 0.4 1.1 5152.80 90.9% 91.1% 94.9% 20.00 0.0041 0.16
29 93.9 2.4 2.2 0.4 1.1 5333.03 90.7% 90.9% 94.7% 19.81 0.0040 0.16
30 93.9 2.4 2.2 0.3 1.1 5512.08 90.8% 90.9% 94.7% 18.83 0.0040 0.15
31 93.7 2.4 2.3 0.5 1.1 5691.91 90.5% 90.8% 94.9% 19.15 0.0040 0.15
32 93.4 2.4 2.4 0.6 1.2 5869.78 89.8% 90.9% 94.3% 17.51 0.0040 0.14
33 93.3 2.4 2.5 0.5 1.3 6049.64 89.7% 90.7% 94.0% 17.06 0.0040 0.14
34 93.4 2.5 2.4 0.4 1.3 6228.37 89.8% 90.7% 94.0% 15.57 0.0040 0.12
35 93.3 2.5 2.5 0.4 1.3 6408.06 89.7% 90.7% 93.6% 15.04 0.0039 0.12
36 93.3 2.5 2.4 0.4 1.3 6586.70 89.8% 90.5% 93.7% 13.81 0.0039 0.11
37 93.2 2.5 2.5 0.4 1.4 6766.55 89.6% 90.5% 93.4% 13.12 0.0039 0.10
38 93.2 2.5 2.4 0.5 1.4 6945.44 89.8% 90.6% 93.4% 11.96 0.0039 0.09
39 93.0 2.5 2.4 0.7 1.4 7124.35 89.8% 90.6% 93.4% 11.95 0.0039 0.09
40 93.0 2.5 2.4 0.7 1.4 7303.87 90.1% 90.5% 93.5% 10.61 0.0039 0.08
41 93.0 2.5 2.4 0.6 1.4 7483.66 89.7% 90.5% 93.3% 10.62 0.0039 0.08
42 93.0 2.5 2.4 0.7 1.4 7663.01 89.8% 90.5% 93.4% 9.60 0.0039 0.08
43 93.2 2.5 2.4 0.5 1.4 7842.52 89.9% 90.6% 93.4% 9.43 0.0039 0.07
44 93.2 2.5 2.4 0.5 1.4 8022.25 89.9% 90.5% 93.4% 8.27 0.0039 0.07
45 93.1 2.5 2.4 0.5 1.4 8201.47 89.8% 90.4% 93.5% 8.12 0.0039 0.06
46 93.1 2.5 2.4 0.6 1.5 8381.62 89.8% 90.6% 93.1% 8.27 0.0039 0.06
47 92.9 2.6 2.4 0.8 1.4 8561.14 90.0% 90.1% 93.6% 7.11 0.0039 0.06
48 93.1 2.6 2.4 0.5 1.4 8741.39 90.0% 90.2% 93.2% 7.30 0.0039 0.06
49 92.9 2.6 2.4 0.7 1.4 8920.33 89.9% 90.2% 93.6% 6.36 0.0039 0.05
50 92.8 2.7 2.5 0.4 1.5 9101.17 89.4% 89.8% 92.6% 6.53 0.0038 0.05
51 92.8 2.6 2.4 0.7 1.5 9280.42 89.8% 90.1% 93.1% 6.32 0.0039 0.05
52 92.6 2.7 2.4 0.8 1.5 9459.66 89.9% 90.0% 93.0% 6.60 0.0039 0.05
53 92.5 2.6 2.4 0.9 1.5 9639.79 89.7% 90.0% 92.9% 6.34 0.0039 0.05
54 93.0 2.6 2.4 0.6 1.4 9819.25 90.1% 90.3% 93.3% 5.65 0.0039 0.04
55 93.1 2.7 2.5 0.5 1.2 10000.10 89.3% 89.9% 94.4% 5.69 0.0039 0.04
56 92.8 2.7 2.6 0.5 1.3 10180.63 89.1% 89.9% 93.5% 5.80 0.0039 0.04
57 92.9 2.7 2.6 0.6 1.3 10359.93 89.2% 90.0% 93.8% 5.65 0.0039 0.04
58 92.8 2.7 2.5 0.6 1.3 10539.58 89.3% 89.7% 93.9% 4.93 0.0039 0.04
59 92.9 2.7 2.5 0.5 1.3 10719.34 89.4% 89.9% 93.8% 4.90 0.0039 0.04
60 92.8 2.6 2.5 0.8 1.3 10899.03 89.4% 90.1% 94.0% 4.97 0.0039 0.04
61 92.6 2.7 2.6 0.8 1.4 11079.18 89.2% 89.9% 93.3% 5.77 0.0039 0.04
62 92.7 2.7 2.6 0.5 1.4 11259.44 88.9% 89.8% 93.1% 4.93 0.0038 0.04
84 91.9 3.1 2.6 0.8 1.5 11441.67 88.8% 88.4% 92.7% 7.22 0.0038 0.05
85 92.4 2.8 2.8 0.4 1.5 15897.72 88.3% 89.4% 92.8% 9.50 0.0038 0.07
86 92.8 2.7 2.6 0.6 1.4 16074.94 89.3% 89.8% 93.3% 6.23 0.0039 0.05
87 92.8 2.6 2.4 0.9 1.2 16252.98 90.0% 90.1% 94.1% 5.72 0.0039 0.05
88 92.9 2.7 2.5 0.6 1.4 16433.65 89.6% 89.9% 93.5% 5.13 0.0039 0.04
89 92.6 2.7 2.4 1.0 1.3 16613.11 90.0% 89.9% 93.8% 5.17 0.0039 0.04
90 92.7 2.7 2.3 0.9 1.3 16792.68 90.1% 89.9% 93.8% 5.14 0.0039 0.04
91 92.7 2.7 2.4 0.8 1.4 16972.96 89.9% 89.9% 93.5% 4.46 0.0039 0.03
92 92.6 2.7 2.5 0.7 1.5 17153.13 89.7% 89.7% 92.9% 5.13 0.0039 0.04
93 92.6 2.7 2.4 1.0 1.3 17332.89 90.0% 89.8% 93.9% 5.20 0.0039 0.04
94 92.6 2.8 2.5 0.6 1.5 17513.85 89.5% 89.5% 93.0% 4.98 0.0039 0.04
95 92.5 2.8 2.5 0.7 1.4 18233.58 89.6% 89.4% 93.1% 4.35 0.0039 0.03
96 92.7 2.8 2.4 0.8 1.4 18412.90 89.9% 89.5% 93.5% 4.36 0.0039 0.03
97 92.4 2.8 2.4 0.9 1.4 18592.92 89.8% 89.5% 93.3% 4.35 0.0039 0.03
98 92.9 2.7 2.2 0.8 1.3 18772.48 90.6% 89.9% 93.8% 4.05 0.0040 0.03
99 92.8 2.7 2.3 0.8 1.4 18952.76 90.3% 89.7% 93.6% 3.95 0.0039 0.03
100 93.1 2.6 2.3 0.7 1.4 19132.66 90.5% 90.2% 93.6% 3.87 0.0039 0.03
101 92.6 2.6 2.3 1.2 1.4 19312.55 90.4% 90.1% 93.6% 4.32 0.0039 0.03
102 92.6 2.7 2.3 1.0 1.4 19492.86 90.2% 89.9% 93.3% 3.77 0.0039 0.03
103 92.9 2.6 2.3 0.9 1.3 19672.29 90.5% 90.2% 93.7% 3.79 0.0040 0.03
104 92.5 2.8 2.4 0.7 1.5 19853.35 89.7% 89.5% 92.6% 3.85 0.0038 0.03
105 92.7 3.0 2.7 0.5 1.2 20393.53 88.8% 89.0% 94.1% 3.98 0.0038 0.03
106 92.5 2.7 2.5 1.1 1.2 20573.00 89.6% 89.8% 94.3% 4.45 0.0039 0.03
107 92.9 2.7 2.4 0.8 1.1 20752.45 90.0% 89.7% 94.8% 3.74 0.0040 0.03
108 92.7 2.7 2.4 0.9 1.2 20932.60 89.8% 89.8% 94.5% 3.85 0.0039 0.03
109 92.4 2.8 2.4 1.2 1.2 21112.72 89.7% 89.6% 94.3% 3.78 0.0039 0.03
110 92.6 2.8 2.6 0.7 1.4 21293.13 89.1% 89.5% 93.5% 3.82 0.0039 0.03
111 92.4 2.8 2.5 0.9 1.3 21473.01 89.3% 89.6% 93.5% 3.72 0.0039 0.03
112 91.1 3.9 3.2 0.4 1.4 21662.25 86.5% 85.7% 93.2% 1.93 0.0036 0.01
113 92.8 2.7 2.3 1.0 1.2 21832.42 90.2% 90.0% 94.5% 3.09 0.0040 0.02
114 92.6 2.7 2.4 1.1 1.2 22012.25 90.0% 89.7% 94.1% 3.83 0.0039 0.03
115 92.7 2.8 2.4 0.9 1.2 22192.40 90.0% 89.6% 94.1% 3.18 0.0039 0.02
116 93.0 2.6 2.2 0.9 1.2 22371.80 90.6% 90.2% 94.4% 3.16 0.0040 0.03
117 92.6 2.8 2.4 0.9 1.3 22552.40 89.8% 89.6% 93.8% 3.12 0.0039 0.02
118 92.3 2.8 2.5 0.8 1.5 22732.98 89.3% 89.4% 93.0% 3.15 0.0038 0.02
119 92.6 2.7 2.3 1.0 1.3 22912.05 90.3% 89.8% 93.8% 3.21 0.0039 0.03
120 92.4 2.7 2.4 1.0 1.4 23092.44 89.9% 89.6% 93.3% 3.20 0.0039 0.02
121 92.7 2.6 2.2 1.2 1.3 23271.64 90.7% 90.0% 94.1% 3.16 0.0040 0.03
122 92.7 2.7 2.3 1.0 1.3 23451.87 90.4% 89.8% 93.9% 2.53 0.0039 0.02
123 92.5 2.7 2.4 0.8 1.5 23632.30 89.7% 89.8% 92.8% 3.16 0.0039 0.02
124 92.4 2.6 2.2 1.4 1.4 23811.77 90.6% 90.0% 93.6% 3.18 0.0039 0.03
125 92.5 2.6 2.2 1.3 1.3 23991.76 90.7% 90.1% 93.9% 2.52 0.0040 0.02
126 92.4 2.7 2.3 1.1 1.5 24171.91 90.2% 89.9% 93.1% 3.17 0.0039 0.02
127 92.1 2.7 2.4 1.3 1.5 24352.13 90.0% 89.6% 92.8% 3.13 0.0039 0.02
128 92.4 2.7 2.4 1.0 1.5 24531.87 90.1% 89.9% 92.8% 3.14 0.0039 0.02
129 92.2 2.7 2.4 1.2 1.5 24712.06 90.0% 89.8% 92.7% 3.18 0.0039 0.02
130 93.0 2.6 2.2 0.9 1.3 24891.36 90.9% 90.3% 94.0% 2.53 0.0040 0.02
131 92.5 2.7 2.3 1.1 1.4 25071.58 90.3% 89.8% 93.3% 2.49 0.0039 0.02
132 92.3 2.7 2.3 1.3 1.4 25251.83 90.3% 89.8% 93.4% 2.51 0.0039 0.02
133 92.6 2.7 2.4 0.8 1.5 25431.81 90.0% 89.7% 93.0% 2.47 0.0039 0.02








































































































CO2 Sorption Catalyst *ECM259018C800 Wt. CO2  extrudate, g 23.04 Reactor R1
Reforming Catalyst: 0.5% rhodium on Alumina) Engelhard Escat 326  Vol. CO2  extrudate, cc 32.5 S/C 3
Composition CO2  sorb CaO/Al2O3 (90/10) Density CO2, g/cc 0.7 GHSV, hr­1 390
Binder 15%Al203 Wt. SMR Cat., g 4.5 Reforming, °C 600
Batch No. HCB203032A (030A+031A) Vol. SMR Cat., cc 7.5 Calcination, °C 800
Extruded by CSMP Density SMR, g/cc 0.6 Pressure, atm. 1
Oven Atmosphere N2 Total Bed Wt., g 27.54
Calcined, C 800 Total Bed Vol., ml 40.0
(Wt. Adjusted)
Cycle H2 CH4 CO N2 CO2 M WGS CC CF
Avg. Cycle 
Time S gCO2 / gSorb
1 95.3 2.3 1.1 0.4 0.9 748.79 95.3% 91.5% 96.1% 29.67 0.0047 0.30
2 93.9 3.8 0.9 0.5 0.8 925.02 96.0% 86.4% 96.5% 25.97 0.0045 0.25
3 93.2 4.5 1.0 0.4 0.8 1103.23 95.6% 84.1% 96.5% 23.06 0.0044 0.22
4 93.7 3.9 1.1 0.4 0.9 1284.29 95.4% 86.1% 96.1% 24.37 0.0045 0.23
5 93.2 4.2 1.2 0.4 0.9 1463.84 95.1% 84.9% 96.0% 23.46 0.0044 0.22
6 93.4 4.0 1.2 0.5 0.9 1641.81 95.0% 85.7% 96.1% 22.09 0.0044 0.21
7 93.7 3.7 1.2 0.4 0.9 1821.32 94.8% 86.6% 96.0% 22.21 0.0045 0.21






14 92.6 3.8 1.3 1.6 0.7 2612.47 94.6% 86.0% 96.7% 18.23 0.0043 0.17
15 92.8 3.7 1.3 1.5 0.7 2792.32 94.6% 86.5% 96.7% 18.13 0.0044 0.17
16 93.0 3.5 1.2 1.5 0.7 2972.51 94.8% 87.0% 96.9% 17.83 0.0044 0.17
17 93.0 3.5 1.3 1.5 0.7 3152.22 94.5% 87.3% 96.7% 18.65 0.0044 0.17
18 93.1 3.4 1.3 1.5 0.7 3333.13 94.4% 87.5% 96.8% 18.75 0.0044 0.18
19 93.2 3.3 1.3 1.4 0.7 3512.73 94.5% 87.7% 96.8% 18.65 0.0044 0.18
20 93.1 3.3 1.4 1.5 0.7 3693.19 94.3% 87.7% 96.7% 19.31 0.0044 0.18
21 93.2 3.3 1.4 1.4 0.7 3872.90 94.2% 87.9% 96.7% 19.32 0.0044 0.18
22 93.2 3.2 1.3 1.5 0.7 4051.99 94.3% 88.2% 96.7% 18.17 0.0044 0.17
23 93.3 3.2 1.4 1.4 0.7 4232.41 94.2% 88.1% 96.7% 18.09 0.0044 0.17
24 93.4 3.1 1.3 1.4 0.7 4411.92 94.3% 88.3% 96.8% 17.69 0.0044 0.17
25 93.4 3.1 1.4 1.4 0.7 4591.43 94.2% 88.4% 96.7% 17.72 0.0044 0.17
26 93.6 3.0 1.3 1.3 0.7 4770.93 94.5% 88.8% 96.8% 16.51 0.0045 0.16
27 92.9 3.5 1.4 1.5 0.7 4952.41 94.0% 87.3% 96.7% 18.42 0.0044 0.17
28 93.5 3.0 1.4 1.4 0.7 5130.28 94.2% 88.7% 96.8% 16.63 0.0045 0.16
29 93.7 2.9 1.3 1.3 0.7 5309.73 94.4% 89.0% 96.8% 15.56 0.0045 0.15
30 93.5 3.0 1.4 1.4 0.7 5489.59 94.2% 88.9% 96.7% 15.66 0.0045 0.15
31 93.6 3.0 1.4 1.3 0.7 5669.17 94.3% 88.9% 96.7% 15.10 0.0045 0.14
43 93.6 3.4 1.4 0.8 0.8 5854.46 93.9% 87.5% 96.5% 10.54 0.0044 0.10
44 93.4 3.1 1.6 1.1 0.7 7825.09 93.4% 88.3% 96.8% 9.49 0.0044 0.09
45 93.0 3.3 1.6 1.4 0.6 8004.29 93.1% 87.7% 97.1% 10.44 0.0044 0.10
46 93.4 3.2 1.7 1.1 0.7 8185.36 93.0% 88.2% 96.9% 9.50 0.0044 0.09
47 93.4 3.2 1.5 1.3 0.7 8363.59 93.7% 88.2% 97.1% 9.51 0.0044 0.09
48 93.4 3.1 1.5 1.3 0.7 8543.74 93.7% 88.5% 97.0% 9.44 0.0044 0.09
49 93.5 3.0 1.6 1.2 0.7 8724.49 93.2% 88.9% 96.9% 9.21 0.0044 0.09
50 93.5 2.8 1.6 1.3 0.7 8904.02 93.2% 89.4% 96.7% 9.50 0.0044 0.09
51 93.4 2.9 1.6 1.5 0.7 9084.00 93.3% 89.3% 97.0% 9.46 0.0045 0.09
52 93.7 2.8 1.6 1.2 0.7 9263.98 93.3% 89.5% 96.8% 8.93 0.0045 0.08
53 93.4 2.9 1.6 1.3 0.7 9444.22 93.0% 89.0% 96.9% 9.08 0.0044 0.09
54 93.6 2.8 1.6 1.2 0.7 9623.81 93.1% 89.5% 96.8% 8.98 0.0044 0.09
55 93.6 2.8 1.6 1.3 0.7 9803.74 93.4% 89.6% 96.8% 8.74 0.0045 0.08
56 93.5 2.8 1.5 1.5 0.7 9982.96 93.5% 89.6% 96.8% 9.06 0.0045 0.09
57 93.4 2.9 1.6 1.4 0.7 10163.53 93.2% 89.3% 96.8% 8.87 0.0044 0.08
58 93.4 2.8 1.6 1.4 0.7 10342.89 93.3% 89.4% 96.8% 9.00 0.0045 0.09
59 93.4 2.9 1.6 1.5 0.7 10522.80 93.4% 89.3% 96.9% 8.45 0.0045 0.08
60 93.8 2.7 1.5 1.3 0.7 10702.64 93.7% 89.8% 97.0% 8.31 0.0045 0.08
61 93.4 2.9 1.6 1.3 0.7 10883.28 93.1% 89.2% 96.8% 8.38 0.0044 0.08
62 93.5 2.8 1.6 1.4 0.7 11063.24 93.2% 89.4% 96.9% 7.95 0.0044 0.08
63 93.6 2.7 1.6 1.4 0.7 11242.63 93.4% 89.7% 96.9% 8.33 0.0045 0.08
64 93.4 2.8 1.6 1.5 0.7 11422.53 93.4% 89.4% 96.9% 7.87 0.0045 0.07
65 93.5 2.8 1.6 1.4 0.7 11602.18 93.4% 89.4% 96.7% 7.86 0.0045 0.07
66 93.2 2.9 1.7 1.5 0.7 11782.85 92.9% 89.3% 96.8% 8.34 0.0044 0.08
67 93.3 2.9 1.6 1.5 0.7 11961.91 93.3% 89.3% 96.8% 7.84 0.0044 0.07
68 93.3 2.9 1.6 1.4 0.7 12142.40 93.1% 89.3% 96.7% 7.76 0.0044 0.07
69 93.5 2.8 1.6 1.3 0.7 12322.24 93.3% 89.4% 96.8% 7.79 0.0045 0.07
70 93.1 3.0 1.7 1.6 0.7 12502.46 93.0% 88.9% 96.8% 8.15 0.0044 0.08
71 93.4 2.9 1.7 1.3 0.7 12682.45 93.0% 89.1% 96.8% 7.85 0.0044 0.07
72 93.5 2.8 1.6 1.3 0.7 12862.50 93.2% 89.5% 96.7% 7.31 0.0044 0.07
73 93.4 2.9 1.7 1.3 0.7 13042.28 93.0% 89.2% 96.8% 7.72 0.0044 0.07
74 93.2 2.8 1.7 1.5 0.7 13222.01 93.0% 89.4% 96.6% 7.79 0.0044 0.07
75 93.3 2.8 1.6 1.6 0.7 13402.12 93.1% 89.6% 96.7% 7.55 0.0045 0.07
76 93.2 2.9 1.6 1.5 0.7 13581.85 93.1% 89.2% 96.7% 7.54 0.0044 0.07
77 93.4 2.8 1.6 1.4 0.7 13762.19 93.1% 89.5% 96.6% 7.03 0.0044 0.07
78 93.4 2.8 1.6 1.5 0.7 13941.52 93.2% 89.6% 96.7% 7.35 0.0045 0.07
79 93.4 2.7 1.6 1.5 0.7 14121.84 93.2% 89.7% 96.8% 7.26 0.0045 0.07
















































































































































WEIGHT 1 (Weight of clean crucible) 13.8211 13.4467 14.0251 14.6533
WEIGHT 2 (Crucible / 550C 1 hour) 13.8205 13.4463 14.0179 14.6533
WEIGHT 3 (Crucible + sample) 14.8787 14.4855 15.0398 15.6666
WEIGHT 4 (Crucible + sample 200C) 14.8775 14.4887 15.0635 15.7143
WEIGHT 5 (Crucible +  CaC2O4) 14.8229 14.4679 15.0141 15.6371
WEIGHT 6 (Crucible + CaO) 14.5323 14.1713 14.8521 15.6177
Calcination Temp, C 300 500 750 800
Water and Organic Mat'l on Crucible,
mg 0.6 0.4 7.2 0
Initial Sample Weight, g 1.0582 1.0392 1.0219 1.0133
Final Sample Weight, g 0.7118 0.725 0.8342 0.9644
Muffle Furnace Total Weight Loss, % 32.73% 30.23% 18.37% 4.83%
CSMP Results using CO2TGA





Variation, % +/­0.2%  +/­1.4% +/­1.0%   +/­0.2%







































Reactor 1 1 1
Date loaded 2/24/2005 5/9/2005 1/10/2005
Date unloaded 3/3/2005 5/19/2005 1/14/2005
Composition CO2  sorb CaO (100) CaO/MgO (80/20) CaO/Al2O3 (95/5)
SMP + Binder SMP Comp + 15%Al203 SMP Comp + 15%Al203 SMP Comp + 15%Al203
Batch No.    HCM178177E + HCM178178A PCB953401A­1
Cycles 47 81 30
Calcined (Air), °C 750 750 750
Sieve Analysis­ Fresh
Sample Through (Mesh), g g g g
18 0.00 0.00 0.00
16 0.00 0.00 0.00
14 0.05 0.03 0.00
12 10.20 9.99 10.08
10 0.00 0.00 0.00
8 0.00 0.00 0.00
6 0.00 0.00 0.00
Total 10.25 10.02 10.08
Fresh, %
Mesh Size, mm
1.00 0 0 0
1.18 0 0 0
1.40 0 0 0
1.70 100 100 100
2.00 0 0 0
2.36 0 0 0
3.35 0 0 0
Total 100 100 100
Sieve Analysis­Used
Sample Through (Mesh), g g g g
18 14.54 2.82 1.47
16 1.09 0.37 0.64
14 1.02 0.33 0.47
12 5.35 17.76 20.41
10 11.30 0.00 0.00
8 0.00 0.00 0.00
6 0.00 0.00 0.00
Total 33.30 21.28 22.99
%Fines 46.94 14.99 9.18
Mesh Size, mm 47 Cycles 81 cycles 30 Cycles
1.00 44 13 6
1.18 3 2 3
1.40 3 2 2
1.70 16 83 89
2.00 34 0 0
2.36 0 0 0
3.35 0 0 0













Reactor 2 1 2
Date loaded 1/10/2005 3/28/2005 5/4/2005
Date unloaded 1/14/2005 4/11/2005 5/22/2005
Composition CO2  sorb CaO/Al2O3 (90/10) *CaO­Al203 (95/5) *CaO­Al203 (90/10)
SMP + Binder SMP Comp + 10%Al203 SMP Comp.+ 15% Al2O3 SMP Comp.+ 15% Al2O3
Batch No. PCB954103A­1 No information available ECM255032 + ECM255033
Cycles 30 37 81
Calcined (Air), °C 750 750 750
Sieve Analysis­ Fresh
Sample Through (Mesh), g g g g
18 0.00 0.00 0.00
16 0.00 0.00 0.00
14 0.25 0.09 0.04
12 9.74 6.35 27.00
10 0.00 0.12 0.00
8 0.00 0.46 0.00
6 0.00 2.98 0.00
Total 9.99 10.00 27.04
Fresh, %
Mesh Size, mm
1.00 0 0 0
1.18 0 0 0
1.40 3 1 0
1.70 97 64 100
2.00 0 1 0
2.36 0 5 0
3.35 0 30 0
Total 100 100 100
Sieve Analysis­Used
Sample Through (Mesh), g g g g
18 0.19 1.36 1.03
16 0.04 0.36 2.13
14 0.23 0.59 19.98
12 1.97 17.00 0.00
10 18.52 0.31 0.00
8 0.00 0.52 0.00
6 0.00 4.50 0.00
Total 20.95 24.64 23.14
%Fines 1.10 6.98 13.66
Mesh Size, mm 30 Cycles  37 Cycles 81  Cycles
1.00 1 6 4
1.18 0 1 9
1.40 1 2 86
1.70 9 69 0
2.00 88 1 0
2.36 0 2 0
3.35 0 18 0













Reactor 1 2 1
Date loaded 5/19/2005 6/8/2005 6/21/2005
Date unloaded 5/29/2005 6/15/2005  
Composition CO2  sorb *CaO­Al203 (90/10) *CaO­Al203 (90/10) *CaO­Al203 (90/10)
SMP + Binder SMP Comp.+ 15% Al2O3 SMP Comp.+ 15% Al2O3 SMP Comp.+ 15% Al2O3
Batch No. T­Storm PCB954103A­1(HCB198078B + 
Cycles 75 57 81
Calcined (Air), °C 300 500 750
Sieve Analysis­ Fresh
Sample Through (Mesh), g g g g
18 0.00 0.00 0.00
16 0.04 0.01 0.00
14 0.03 0.00 0.00
12 6.22 6.65 3.00
10 0.07 0.19 0.00
8 0.37 1.49 0.84
6 1.06 0.00 0.00
Total 7.79 8.34 3.84
Fresh, %  
Mesh Size, mm
1.00 0 0 0
1.18 1 0 0
1.40 0 0 0
1.70 80 80 78
2.00 1 2 0
2.36 5 18 22
3.35 14 0 0
Total 100 100 100
Sieve Analysis­Used
Sample Through (Mesh), g g g g
18 4.00 0.56 4.92
16 3.79 0.22 1.13
14 1.71 1.37 0.02
12 18.17 17.36 11.52
10 1.38 0.88 0.83
8 0.00 2.18 2.31
6 1.06 0.15 0.00
Total 30.11 22.72 20.73
%Fines 25.87 3.43 29.18
Mesh Size, mm 75 Cycles 57 Cycles 81 Cycles
1.00 13 2 24
1.18 13 1 5
1.40 6 6 0
1.70 60 76 56
2.00 5 4 4
2.36 0 10 11
3.35 4 1 0













Reactor 1 1 2
Date loaded 7/5/2005 6/8/2005 6/21/2005
Date unloaded 7/15/2005 6/20/2005 6/30/2005
Composition CO2  sorb CaO­Al203 (90/10) CaO­Al203 (90/10) CaO­Al203 (90/10)
SMP + Binder SMP Comp.+ 15% Al2O3 SMP Comp.+ 15% Al2O3 SMP Comp.+ 15% Al2O3
Batch No. PCB954103A­1(HCB198078B +  PCB290040C (HCB203020A)  
Cycles 74 53 77
Calcined (Air), °C 800 750 750
Sieve Analysis­ Fresh
Sample Through (Mesh), g g g g
18 0.00 0.00 0.00
16 0.00 0.08 0.00
14 0.03 0.05 0.00
12 8.33 9.96 5.89
10 0.20 0.00 0.33
8 1.53 0.00 0.45
6 0.00 0.00 3.77
Total 10.09 10.09 10.44
Fresh, %
Mesh Size, mm  
1.00 0 0 0
1.18 0 1 0
1.40 0 0 0
1.70 83 99 56
2.00 2 0 3
2.36 15 0 4
3.35 0 0 36
Total 100 100 100
Sieve Analysis­Used
Sample Through (Mesh), g g g g
18 1.92 0.15 0.00
16 0.36 0.19 0.35
14 3.68 1.64 4.96
12 14.96 21.42 1.00
10 0.67 0.00 9.70
8 1.52 0.00 2.36
6 2.74 0.00 4.80
Total 25.85 23.40 23.17
%Fines 8.82 1.45 1.51
Mesh Size, mm 74 Cycles 53 Cycles 77 Cycles
1.00 7 1 0
1.18 1 1 2
1.40 14 7 21
1.70 58 92 4
2.00 3 0 42
2.36 6 0 10
3.35 11 0 21













Reactor 2 1 2 2
Date loaded 7/5/2005 8/4/2005 8/4/2005 9/9/2005
Date unloaded 7/15/2005 8/22/2005 8/22/2005 10/6/2005
Composition CO2  sorb CaO­Al203 (90/10) CaO/Al2O3 (90/10) CaO/Al2O3 (90/10) CaO/Al2O3 (90/10)
SMP + Binder SMP Comp.+ 15% Al2O3 SMP Comp.+ 15% Al2O3 SMP Comp.+ 15% Al2O3 SMP Comp.+ 15% Al2O3
Batch No. ECM259007­009 HCB203032A (030A+031A)
Cycles 77 113 113 180
Calcined (Air), °C 750 750 750 800
Sieve Analysis­ Fresh
Sample Through (Mesh), g g g g g
18 0.03 0.00 0.00 0.00
16 0.02 0.03 0.03 0.02
14 0.02 0.02 0.02 0.03
12 5.94 6.64 6.64 2.27
10 0.27 0.37 0.37 2.26
8 0.76 2.71 2.71 5.90
6 2.61 0.36 0.36 0.15
Total 9.65 10.13 10.13 10.63
Fresh, %
Mesh Size, mm
1.00 0 0 0 0
1.18 0 0 0 0
1.40 0 0 0 0
1.70 62 66 66 21
2.00 3 4 4 21
2.36 8 27 27 56
3.35 27 4 4 1
Total 100 100 100 100
Sieve Analysis­Used
Sample Through (Mesh), g g g g g
18 1.71 1.95 0.00 0.00
16 0.50 0.35 0.17 0.36
14 3.43 2.78 1.34 3.68
12 11.44 10.63 3.80 14.96
10 0.93 2.60 2.44 0.67
8 1.91 1.28 2.82 1.52
6 1.87 4.21 5.34 2.74
Total 21.79 23.80 15.91 23.93
%Fines 10.14 9.66 1.07 1.50
Mesh Size, mm 77 Cycles 113 Cycles 113 Cycles 180 Cycles
1.00 8 8 0 0
1.18 2 1 1 2
1.40 16 12 8 15
1.70 53 45 24 63
2.00 4 11 15 3
2.36 9 5 18 6
3.35 9 18 34 11
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